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L — Pbogsedings  of  the  First  Meeting  for  Ob- 
OANizATiON,  New  York,  April  6, 1876. 


The  meeting,  to  which  the  chemists  residing  in  New 
York  city  and  its  vicinity  had  been  invited,  was  held 
at  the  rooms  of  the  N.  T.  College  of  Pharmacy,  Uni- 
versity Building,  and  the  following  gentlemen  were 
present : — ^M.  Alsberg,  J.  P.  Battershall,  F.  M.  Baam- 
garten,  H.  C.  Bolton,  A.  Bourgognon,  Amo  Behr,  C. 
F.  Chandler,  P.  Casamajor,  Chaa.  A.  Doremus,  F.  A. 
C.  Degenhardt,  Hermann  Bndemann,  £.  P.  East  wick,. 
T.  Egleston,  Charles  Froebel,  F.  A.  Grund,  Wm.  E. 
Gifford,  W.  M.  Habirshaw,  Fred.  Hoffmann,  Har- 
wick,  St  Blrackowizer,  Fred.  Kammerer,  O.  H.Krause, 
A.  R.  Leeds,  A.  R  Ledoux,  L.  H.  Laudy,  Gideon  E. 
Moore,  H.  E.  Nicse,  W.  H.  Nichols,   Anthony  Pirtz, 

Prochalzka,  P.  de  P.   Ricketts,   Charles  Rice, 

Chas.  M.  StilweU,  Waldron  Shapleigh,  Isidor  Wabs.— 
Total,  85. 

Messrs.  Amend,  Goldmark,  Sticht  and  Wendt  had 
sent  letters  regretting  their  inability  to  attend,  but  ap- 
proving the  objects  of  the  meeting  and  promising  to 
join  the  society  to  be  organized. 

On  motion.  Prof.  Charles  F.  Chandler  was  elected 
president  and  Isidor  Walz  secretary  of  the  meeting. 

Prof.  Chandler  took  the  chair  and  said  that  the 
want  of  such  a  society  as  they  had  met  to  organize, 
had  long  been  felt  among  chemists,  and  it  promised 
to  have  a  wide  field  of  usefulness.  The  self -constitu- 
ted committee  which  had  taken  the  matter  in  charge 
had  been  astonished  to  find  that  there  were  about  one 
hundred  and  ten  chemists  in  this  and  neighboring 
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cities,  wbose  training  and  pursuits  rendered  them  fit 
members  of  a  chemical  society.  Nearly  fifty  of  these 
had  promised  to  join  the  proposed  society,  and,  in 
addition,  a  large  number  of  non-resident  members 
had  responded  to  the  invitations  sent  out.  The  ulti- 
mate object  was  to  bring  the  chemists  together  in 
scientific  and  social  intercourse,  to  secure  rooms  which 
should  be  open  in  the  day  and  evening,  and  to  estab- 
lish there  a  library  of  reference  and  a  chemical  mu- 
seum. The  speaker  then  called  upon  the  secretary  to 
give  the  details  of  the  steps  which  had  been  taken  by 
the  original  committee. 
Dr.  Walz  presented  the  following  report : 
I  respond  with  pleasure  to  the  request  to  give  you  the 
brief  history  of  the  movement  which  has  culminated  in 
bringing  us  together  to-night.  The  want  of  a  profes- 
sional organization  among  chemists  has  been  frequently 
deplored  ;  and  it  was  felt  that  sooner  or  later  a  chemi- 
cal society  must  and  would  be  formed  to  bring  the 
members  of  our  profession  into  closer  personal  re- 
lations, and  to  stimulate  and  concentrate  original 
researcli.  At  the  beginning  of  this  year  it  was  sug- 
gested, in  informal  conversation,  that  this  might  prove 
to  be  as  favorable  a  time  as  any  to  organize  such  a 
society,  if  the  want  was  a  real  one.  It  was  also  clear, 
that  to  estal)lish  it  on  a  sound  basis  and  make  success 
certain,  all  classes  of  chemists  who  had  received  the 
proper  training  should  be  interested  in  the  movement, 
whether  engaged  as  teachers,  as  manufacturers,  as 
analytical  or  technical  chemists,  or  in  any  other  pur- 
suit in  which  chemistry  formed  a  leading  part.  It 
was  intended,  therefore,  to  make  the  committee 
charged  with  the  preliminaries  of  the  organization  a 
representative  one  in  this  distinction ;  and  as  the  list 
of  its  members  is  by  this  time  quite  familiar  to  you, 
you  may  judge  for  yourselves  whether  we  have  suc- 
ceeded in  making  it  so. 

A  list  of  chemists  in  this  city  and  vicinity  was  first 
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made  out,  and  though  it  was  by  no  means  complete, 
we  found  to  our  astonishment  tliat  there  were  nearly, 
if  not  quite,  one  hundred  chemists  in  this  neighbor- 
hood who  might  properly  be  admitted  as  members  of 
the  proposed  society.  The  following  circular  was  pre- 
pared and  mailed  to  these  gentlemen  toward  the  end 
of  January : 

New  York,  January  22d,  1876. 

DBA.B  Sir  : — For  some  time  past  many  chemists  of 
this  city  and  vicinity  have  felt  the  want,  and  deplored 
the  absence  of  an  association,  such  as  exist  among 
other  professions,  which  would  lead  to  a  better  under- 
standing and  a  closer  acquaintance  among  its  mem- 
bers ;  in  which  scientific  and  practical  subjects  relating 
to  our  special  science  might  be  discussed,  and  means 
devised  in  the  common  interest  of  the  profession. 
Widely  scattered  as  the  chemists  in  this  neighborhood 
are,  such  an  association  would  become  the  centre  of  a 
pleasant  personal  intercourse,  and  of  an  interchange 
of  views,  experiences  and  researches  which  would 
benefit  all  concerned. 

The  undersigned,  believing  the  present  an  oppor- 
tune time  for  establistdng  a  *'  Chemical  Society "  in 
New  York,  respectfully  invite  your  co-operation,  and 
would  be  pleased  to  receive  an  early  expression  of 
your  views  on  the  subject.  As  soon  as  a  sufficient 
number  of  assenting  replies  have  been  received,  it  is 
proposed  to  call  a  meeting  for  the  purpose  of  form- 
ing a  penuanent  organization. 

Chas.  F.  Chandler,  Henry  Morton, 

W.  M.  Habirshaw,  Isidor  Walz, 

H.  Endemann,  F.  IIopmann, 

^L  Alsbero,  p.  Casamajor. 

In  response  to  this  circular  we  received  about  forty 
verbal  or  written  assurances  of  sympathy  and  co-op- 
peration.  Gratified  by  the  unexpected  interest  shown, 
the  committee  decided  to  make  an  attempt  to  form  a 
national  instead  of  a  merely  local  society;  and  in 
order  to  test  the  disposition  of  the  chemists  in  the 
country  towards  such  a  project,  the  Committee  invited 
a  further  numl)er  of  members  of  the  profession  to 
take  part  in  its  deliberations,  which  resulted  in  issuing 
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the  following  circular,  which  was  mailed  to  about  320 

addresses: 

New  York,  March  22d,  1876. 

Dear  Sir: — Several  weeks  ago  the  undersigned 
issued  an  invitation  to  the  chemists  of  this  vicinity, 
requesting  their  co-operation  toward  the  organization 
of  a  ZewvM  Chemical  Society.  The  response  was  so  un- 
expectedly satisfactory,  that  on  further  consultation 
it  was  deemed  opportune  to  attempt  the  formation  of 
a  national  Society,  somewhat  on  the  plan  of  those  in 
such  successful  operation  in  France,  Germany,  and 
England.  It  is  believed  that  the  existence  of  such  a 
Society  in  this  country  would  prove  a  powerful  and 
healthy  stimulus  to  original  research  among  us,  and 
that  it  would  awaken  and  develop  much  talent  now 
wasting  in  isolation,  besides  bringing  the  members  of 
the  association  into  closer  union,  and  ensuring  a  bet- 
ter appreciation  of  our  science  and  its  students  on  the 
part  of  the  general  public.  Guided  by  these  consid- 
erations, we  have,  in  consultation  with  other  mem- 
bers of  the  profession,  drafted  the  accompanying 
Constitution  and  By-Laws,  which  wc  submit  respect- 
fully to  your  kind  consideration. 

Among  the  objects  contemplated  are  the  fitting  up 
of  permanent  rooms  as  the  head-quarters  of  the  Soci- 
ety, and  in  connection  therewith  the  establishment  of 
a  library  of  reference,  and  the  gradual  collection  of  a 
chemical  museum.  It  is  also  proposed  to  hold  at 
least  one  meeting  in  each  year  outside  of  this  city,  at 
such  a  time  and  in  such  a  place  as  to  make  attendance 
on  the  part  of  non-resident  members  more  convenient 
and  representative. 

The  proceedings  of  the  Society  will  be  published 
and  sent  to  the  members. 

If  these  views  and  objects  meet  with  your  approval, 
please  sign  and  return  the  postal  card  enclosed. 
Chas.  p.  CHAin>LBR,  Henry  Morton, 

W.  M.  Habirshaw,  Isidor  Walz, 

H.  Endemann,  Fred.  Hofmann, 

M.  Alsbbro,  p.  Casamajor. 

This  circular  was  accompanied  by  a  draft  of  a  Con- 
stitution and  By-Laws,  which  the  Committee  prepared 
on  the  model  of  those  of  the  German  and  French 
Chemical  Societies,  and  in  framing  which  we  had  in 
view  the  utmost  simplicity  and  elasticity;  and  also 


by  the  postal  card  appended,  by  returning  which  to 
the  Committee  with  a  signature,  the  approval  of  our 
course  could  be  readily  signified. 

[N.B. — ^This  draft  is  here  omitted,  as  it  is  given  be- 
low in  the  form  in  which  it  was  finally  adopted.] 

Dear  Sir: — I  shall  be  pleased  to  join  the  proposed 
American  Chemical  Societt. 

FuUName, 

Town 

County, 

State, 

To  the  Committee 

AMERICAN  CHEMICAL  SOCIETY, 

P.O.  Box  1,396,  New  York  City. 

Althbugh  the  circular  and  the  accompanying  docu- 
ments were  only  mailed  to  non-resident  chemists  as 
late  as  March  28th,  assenting  replies  have  been  re- 
ceived during  the  short  space  of  time  that  has  elapsed 
from  the  following  non-resident  chemists,  all  of  whom 
have  signified  their  desire  to  join  the  proposed  society : 

Isaac  Adams,  Jr.,  6  Alexander  Ave.,  Boston,  Mass. 

Wilbur  O.  Atwater,  Middletown,  Middlesex  Co., 
Conn. 

Qeo,  F.  Barker,  Univ'y  of  Penna.,  Philadelphia,  Pa. 

Rachel  L.  Bodley,  Philadelphia,  Pa. 

John  J.  Brown,  Syracuse,  Onondaga,  N.  Y. 

William  H.  Chandler,  Bethlehem,  Northampton 
Co.,  Pa. 

S.  Cabot,  Jr.,  Boston,  Mass. 

Peter  Collier,  Burlington,  Chittenden  Co.,  Vt. 

Charles  M.  Cresson,  M.D.,  Philadelphia,  Pa. 

Thomas  M.  Drown,  Easton,  Northampton  Co.,  Pa. 

Albert  Ethelbert  Ebert,  Chicago  (684  State  St),  111. 

Arthur  H.  Elliott,  Highlands  Chem.  and  Min'g.  Co., 
Pntman  Co.,  N.  Y. 

Frederick  M.  Endlich,  Smithsonian  Institution, 
Washington,  D.  C. 


8 

* 

Charles  A.  Goessmann,  Amherst,  Hampshire  Co., 
Mass. 

Traill  Green,  Easton,  Northampton  Co.,  Pa. 

Hugh  Hamilton,  Harrisburg,  Danphin  Co.,  Pa.         ^ 

H.  B.  Hardin,  Va.  Kilitary  Institute,  Lexington, 
Rockbridge  Co.,  Va. 

Maurice  Hasenclever,  Lawrence,  Essex  Co.,  Mass. 

S.  Dana  Hayes,  Boston,  Mass. 

Benjamin  8.  Hedrick,  Washington,  D.  C. 

William  Barker  Hills,  Cambridge,  Middlesex  Co., 
Mass. 

Gustayas  Hinrichs,  Iowa  City,  Johnson  Co.,  Iowa. 

Henry  Cowell  Humphrey,  Philadelphia,  Pa. 

Henry  Jameson,  Indianapolis,  Marion  Co.,  Ind. 

Charles  Mclntire,  Easton,  Northampton  Co.,  Pa. 

Robert  Clark  McKedzie,  Lansing,  Ingham  Co.,  Mich. 

Hermann  Kersting,  East  Boston,  Mass. 

William  J.  Land,  Atlanta,  Fulton  Co.,  Ga. 

8.  A.  Lattimore,  Rochester,  N.  Y. 

Gustav  Adolph  Liebig,  Baltimore,  Md. 

John  Berrien  Lindsley,  Nashville,  Tenn. 

John  M.  Maisch,  Philadelphia,  Pa. 

J.  W.  Mallett,  Univ'y  of  Virginia,  Albemarle  Co., 
Va. 

John  P.  Marshall,  Somerville,  Middlesex  Co.,  Mass. 

J.  B.  Marvin,  Louisville,  Ky. 

John  Mudge  Merrick,  59  Broad  St.,  Boston,  Mass. 

William  Maunch  Mew,  Washington,  D.  C. 

Thos,  T.  Morrell,  Johnstown,  Cambria  Co.,  Pa. 

Chas.  E.  Munroe,  Annapolis,  Anne  Arundel  Co.,  Md. 
U.  S.  Naval  Academy. 

Wm.  McMortrie,  Dep't  of  Agriculture,  Washmgton, 
D.  C. 

Henry  B.  Nason,  Troy,  Rensselaer  Co.,  N.  Y. 

Maurice  Perkins,  Schenectady,  N.  Y. 

Albert  Benjamin  Prescott,  Ann  Aibor,  Mich. 

Robert  £.  Rogers,  1,004  Wahiut  St,  Philadelphia, 
Pa. 


\ 
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Stephen  P.  Sharpies,  Boston,  Masa. 

Wm.  Simon,  Med.  Coll.  of  Pharmacy,  Baltimore,  Md. 

Henry  Wheaton  Vaughan,  Providence,  R.  I. 

Shippen  Wallace,  113  Walnut  St,  Philadelphia,  Pa. 

Chas.  P.  Williams,  RoUa,  Phelps  Co.,  Mo. 

Theodore  G.  Wormley,  Columbus,  Ohio. 

Henry  A.  Weber,  Champaign,  Champaign  Co.,  111. 

Adolphe  Amed6e  Fersqet  1,322  Marshall  St.,  Phila- 
delphia, Pa. 

Paul  Schweitzer,  Columbia,  Boone  Co.,  Mo. — 
Total  60. 

A  few  days  later,  the  following  invitation  was  is- 
sued to  resident  chemists. 

New  York,  March  27th,  1876. 

Dbab  Sir  : — A  meeting  for  organizing  the  American 
Chemical  Society  will  be  held  on  Thursday  evening, 
April  6tb,  1876,  at  8  o^ clock  p.m.,  in  the  Lecture 
Room  of  the  College  of  Pharmacy,  University  Building, 
corner  Waverley  Place  and  University  Place. 
Your  attendance  is  earnestly  reqiiested, 
Chas.  F.  Chandler,  Hbnrt  Mortok, 

W.  M.  HABiRaHAW,  IsiDOR  Walz, 

H.  Endemann,  Fred.  HoFFMAifN, 

M.  Alsberg,  p.  Casamajob. 

A  number  of  others,  who  have  not  yet  replied,  may 
be  confidently  counted  upon,  and  thus  it  appears  tha,t 
we  shall  be  able  to  start  with  no  less  than  one  hun- 
dred resident  and  non-resident  members. 

One  other  point  it  is  my  duty  to  bring  to  your 
attention,  and  then  my  present  task  will  be  done. 
Among  the  gentlemen  whom  the  committee  requested 
to  take  part  in  its  conferences,  there  were  seyeral  of 
high  standing  in  the  profession,  who  would  be  an  orna- 
ment to  this  society,  and  whose  absence  we  would 
deeply  deplore.  These  gentlemen,  though  admitting 
the  necessity  and  approving  the  objects  of  the  pro- 
posed Chemical  Society,  question  its  timeliness  for  the 
following  reason.  For  sixty  years  there  has  existed 
in  this  city  a  scientific  society  known  as  the  Lyceum 
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of  Natural  History,  which  of  late  years  has  fallen  into 
a  decline.  A  number  of  its  members  lately  effected  a 
change  of  the  name  of  the  society,  and  have  gone  to 
work  to  rehabilitate  it,  and  restore  it  to  its  former 
health  and  vigor,  under  the  title  of  the  New  York 
Academy  of  Sciences.  One  of  the  sections  of  this 
Academy  is  devoted  exclusively  to  Chemistry,  and 
holds  monthly  meetings.  The  gentlemen  alluded  to 
are  of  opinion  that  the  work  of  our  society  will  inter- 
fere with  their  own ;  that  there  are  not  enough  chem- 
ists in  the  city  for  effective  work  in  both  organizations ; 
and  that  one  or  the  other,  and  possibly  both,  might 
thus  be  weakened  and  injured.  The  majority  of  our 
committee  did  not  share  these  apprehensions,  and  de- 
cided that,  having  entered  upon  the  movement,  and 
induced  others  to  interest  themselves  in  it,  it  was  our 
duty  to  complete  the  preliminaries  and  push  on  to 
some  definite  result ;  but  at  the  same  time  it  promised 
that  the  chemists  of  the  New  York  Academy  of  Bci- 
euces,  should  have  the  fullest  opportunity  to  lay  their 
views  before  you  on  this  occasion ;  and  on  behalf  of  the 
committee,  I  would  bespeak  for  them  your  earnest  and 
careful  attention,  though  personally  I  cannot  fall  in 
with  their  views.  To  bring  this  matter  in  proper  man- 
ner before  the  meeting,  I  now  move  that  we  proceed 
to  organize  a  national  Chemical  Society,  which  shaU 
be  called  the  American  Chemical  Society. 

The  motion  having  been  seconded,  the  President 
declared  the  subject  open  to  discussion. 

Prof.  T.  Eolbston  said  that  it  might  be  advisable  to 
organize  such  an  association  some  years  hence ;  but  at 
present,  it  was  questionable  if  it  could  be  successful. 
His  experience  in  the  American  Institute  of  Mining 
Engineers,  and  other  societies,  was  against  it.  The 
society  mentioned,  with  ita  600  members  and  $6,000. 
income,  required  all  its  income  for  publishing  its  pro- 
ceedings. Expenses  will  be  inevitable,  and  the  society 
can  count  upon  only  $500,  say  to  the  most  $1,000,  a 
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year.  Even  if  rooms  can  be  secured  and  the  publications 
printed  free  of  charge,  the  society  has  no  library.  It 
must  have  one— it  must  publish  proceedings  in  a  cred- 
itable and  prompt  way.  The  Lyceum  of  Natural  His- 
tory has  recently  been  reorganized  as  the  Academy  of 
Sciences ;  has  a  large  library,  a  history,  and  funds  have 
been  promised.  At  some  future  time,  undoubtedly,  we 
ought  to  have  a  Chemical  Society,  but  not  now.  We 
should  haye  to  depend  on  outside  subscriptions,  for 
which  the  present  is  an  inopportune  time.  It  is  hard 
to  get  money  now — ^when  it  will  be  easier  to  obtain  it, 
the  success  of  such  a  society  would  be  better  assured. 
In  union  there  is  strength .  Let  the  chemists  j  oin  forces 
with  the  Chemical  Section  of  the  New  York  Acad- 
emy of  Sciences,  till  tliey  shall  be  strong  enough  to  cut 
loose  and  go  ahead  for  themselves. 

Dr.  H.  C.  Bolton  supported  the  views  of  the  pre- 
ceding speaker.  He  said  that  there  had  always  been, 
and  there  is  now,  a  strong  nucleus  of  chemists  at  the 
Academy  of  Sciences ;  it  having  thirty-eight  resident 
Chemists  among  its  members;  eight  of  its  officers  and 
sixty  corresponding  members  are  chemists.  It  would  be 
unfortunate  to  have  a  division  of  forces.  It  may  be 
objected  that  the  proposed  Society  is  to  be  a  national 
one.  Even  from  this  point  of  view  it  is  unnecessary, 
as  this  want  is  provided  for  by  the  Chemical  Section 
of  the  American  Association  for  the  Advancement  of 
Science.  He  thought  the  present  time  inopportune, 
though  a  Chemical  Society  at  some  future  time  is 
desirabla 

Pbof.  Chaxtduer  said  that  it  would  be  desirable  to 
hear  from  the  other  side  also ;  it  would  almost  seem 
as  though  we  had  met  for  the  purpose  of  deciding 
not  to  organiase  a  Chemical  Society. 

Dr.  L  Wai«z  said  that  the  apparent  reluctanoe  to 
discuss  the  subject  was  probably  due  to  the  fact  that 
the  chemists  present  had  had  the  subject  before  them  so 
long  and  had  dtscussed  it  so  thoroughly  in  private  that 
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a  prolonged  expression  of  views  at  this  meeting  was 
deemed  unnecessary.  The  previous  speakers  admitted 
the  propriety  of  forming  such  a  society  sooner  or 
later ;  but  among  the  arguments  adduced  against  its 
organization  now,  there  were  none  that  would  lose 
their  force  with  the  lapse  of  time,  but  rather  the  con- 
trary. Tliere  was  no  reason  why  the  new  society  and 
the  N.  Y.  Academy  of  Sciences  should  not  work  in 
harmony,  and  help,  instead  of  weakening,  each  other. 
Their  aims  and  objects  were  quite  different.  The  new 
society  would  not  only  bring  all  chemists  together  and 
give  the  profession  a  recognized  standing,  but  it 
would  stimulate  original  research  throughout  the 
country.  He  also  hoped  that  it  would  claim  its 
proper  ground,  and  speak  with  authority  when  ques- 
tions of  public  interest  arose  in  which  chemistry 
ought  to  have  the  decisive  word.  This  field  had 
partly  been  occupied  by  societies  that  had  no  right  to 
it,  simply  because  we  stood  by  and  permitted  it. 
The  financial  question  had  also  been  earnestly  discussed 
by  the  committee,  and  such  assurances  given  that 
rendered  it  morally  certain  that  the  necessary  funds 
would  be  provided  and  financial  difficulties  avoided. 
Lastly,  we  had  the  encouragement  and  support  of 
over  a  hundred  gentlemen  whom  we  had  con- 
sulted, and  this  was  of  itself  sufficient  to  prove  the 
timeliness  of  the  movement 

Dr.  ENDESfANN  said  that  it  was  true  that  the 
^ew  York  Academy  of  Sciences  had  a  fine  library, 
bat  that  it  was  not  one  useful  to  chemists ;  he  had 
searched  it  and  found  hardly  one  work  on  chemical 
subjects. 

Dr.  Alsbero  said  that  the  Chemical  Section  of  the 
American  Association  for  the  Advancement  of  Science 
did  not  fill  the  want  which  we  wished  to  supply, 
as  it  only  held  annual  and  migratory  meetings;  it 
had  done  little  to  stir  up  chemists. 

W.  H.  Nichols  said  that  we  did  not  come  here 
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expecting  to  find  a  society  readj  formed,  with  a 
library  and  a  fine  building ;  those  would  come  in  time. 
He  thought  there  was  enough  enthusiasm  among 
the  chemists  to  give  us  them  by-and-by.  We  have 
much  intelligence  assembled  here,  and  that  is  better 
than  a  library.  He  could  see  that  much  benefit  would 
accrue  to  all  branches  of  the  profession  from  such  a 
society  as  that  proposed.  A  few  years  ago  an  Asso- 
ciation of  manufacturing  chemists  was  started,  which 
had  not  half  the  reasons  for  existence  this  has,  being 
intended  for  sociability  only;  yet  it  had  proved 
valuable,  and  endeared  itself  to  all  its  members.  Let 
US  begin  this  society  small,  let  it  do  its  work  well, 
and  it  will  undoubtedly  grow. 

Pkof.  a.  R  Leeds  said  briefly  he  did  not  think  the 
movement  timely. 

Prof.  Chandler  then  gave  some  details  of  the  pro- 
posed organization  as  discussed  by  the  committee. 

The  motion  was  then  put  and  carried,  with  but  three 
dissenting  votes. 

W.  H.  Nichols  moved  that  the  Constitution  and 
By-Laws  offered  by  the  committee  be  taken  up  article 
by  article,  and  each  article  voted  upon  separately. 

Carried. 

The  Constitution  and  By-Laws  were  then  read  and 
adopted  in  the  following  form : 

CONSTITUTION. 

ARTICLE  L 

This  Society  shall  be  styled  The  American  Cheic- 
iCAL  Society. 

ARTIOLB  XX. 

The  objects  of  this  Society  shall  be  the  encourage- 
ment and  advancement  of  chemistry  in  all  its  branches. 

ARTICLE  m. 

The  Society  shall  consist  of  members,  associates, 
and  honorary  members. 
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ARTICLE  rV. 

Only    cbemists   shall  be   eligible  as  membera  or 
honorary  members. 

ABTIGLE  y. 

The  officers  of  the  Society  shall  consist  of 
A  President, 
Six  Vice-Presidents, 
A  Corresponding  Secretary, 
A  Recording  Secretary, 
A  Treasurer, 
A  Librarian, 
Three  Curators. 

ABTICLB  TI. 

There  shall  be 

a.)  A  Committee  on  Nominations,  consisting 

of  fiye  members ; 
h,)  A  Committee  on  Papers  and  Publications, 

consisting  of  three  members. 

ABTICLB  TIL 

The  officers  of  the  Society  and  the  Chairmen  of 
the  Committees  shall  constitute  the  Council  of  the 
Society,  and  shall  have  charge  of  all  business  not 
otherwise  provided  for. 

ABTICLB  THL 

The  Annual  Meeting  for  the  election  of  officers 
and  committees  shall  be  held  in  the  month  of  De- 
cember of  each  year,  and  a  majority  vote  of  the 
members  present  shall  be  necessary  for  an  election. 

ABTICLB  DL 

The  head-quarters  of  the  Society  shall  be  in  the 
City  of  New  York,  and  fifteen  members  shall  consti- 
tute a  quonun. 

ABTICLB  X. 

Amendments  to  the  Constitution  shall  be  recom- 
mended by  the  Council  of  the  Society,  and  for  their 
adoption  at  the  next  regular  meeting  a  two-third  vote 
of  the  members  present  shall  be  necessary. 
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ABTICLK  I. 

The  regular  meetings  of  the  Society  shall  be  held 
on  the  first  Thursday  of  erery  month. 

ABTICLB  n. 

The  order  of  business  at  the  regular  meetings  of 
the  Society  shall  be  as  follows : 

1.  Reading  of  the  minutes  of  the  last  meeting. 
»  3.  Reports  of  Council  and  Committees. 
8.  Election  of  new  members. 
4.  Nominations  of  new  members. 
6.  Reading  of  papers,  and  discussion. 

6.  Announcement  of  papers  to  be  read  at  the 

next  meeting. 

7.  Miscellaneous  business. 

8.  Adjournment. 

▲BTICLE  m. 

The  order  of  business  at  the  annual  meeting  shall 
be  as  follows: 

1.  Reading  of  the  minutes  of  the  last  meeting. 

2.  Report  of  the  President  on  the  state  of  the 

Society. 
8.  Report  of  the  Council. 
4.  Reports    of    the    Treasurer,    Librarian^  and 

Curators. 
6.  Reports  of  Committees. 

6.  Election  of  Officers  and  Committees. 

7.  Miscellaneous  business. 

8.  Election  of  new  members. 

0.  Nominations  of  new  members. 

10.  Reading  of  papers,  and  discussion. 

11.  Announcement  of  papers  for  the  next  meeting. 

12.  Adjournment. 

▲BTICLE  lY. 

The  order  of  business  at  the  regular  meetings  may 
be  suspended  for  one  evening,  with  the  consent  of 
three-fourths  of  the  members  present. 
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ABTICLE  T. 

MembeiB  residing  within  a  radius  of  thirty  miles 
from  New  York  shall  be  resident  members. 

ARTICLB  TI. 

Resident  members  shall  pay  an  initiation  fee  of 
$5.00.  Non-resident  members  shall  not  be  required 
to  pay  an  initiation  fee. 

The  annual  dues  of  members  and  associates  shall  be 
$5.00. 

The  yearly  payment  of  dues  may  be  commuted  by 
a  single  payment  of  $100. 

Members  and  associates  in  arrears  for  dues  for  one 
year,  may  be  dropped  from  the  rolL 

▲BTiCLB  rn. 
Special  meetings  may  be  called  at  any  time  by  the 
Council,  after  five  days*  notice. 

ARTICLB  vin. 
The  Funds  of  the  Society  shall  be  deposited  in  the 
Chemical  Bank  of  New  York,   and  all  checks  and 
warrants  must  be  countersigned  by  the  President  and 
Treasurer  jointly. 

ARTICLE  IX. 

The  duties  of  the  Officers  and  of  the  Committees 
of  the  Society  shall  be  similar  lo  those  generally  de- 
volving upon  the  officers  and  committees  designated 
by  their  names  and  titles. 

ARTICLE  X. 

No  articles  of  these  By-Laws  shall  be  altered  or 
amended  except  after  two  weeks'  notice  of  the  in- 
tended change.  The  assent  of  two-thirds  of  the 
members  present  is  requisite  to  effect  such  an  alter- 
ation. 

W.  H.  Nichols  moved  that  the  Constitution  and 
By-Laws  be  adopted  as  a  whole,  and  declared  to  be 
the  Constitution  and  By-Laws  of  the  American  Chemi- 
cal Society. 

The  motion  was  carried. 
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W.  M.  Habirshaw  moved  that  the  president  appoint 
a  Nominating  Committee,  to  propose  a  list  of  officers 
for  the  society,  to  be  voted  upon  at  the  next  meeting. 

Carried. 

The  President  appointed  Messrs.  Habirshaw,  Ende- 
mann,  Casamajor,  Nichols,  and  Erackowizer  on  the 
nominating  committee,  which  then  withdrew  for  de- 
liberation. 

The  Secretary  proposed  the  following  resolution : 

Besohedy  That  the  society  tenders  its  thanks  to  the 
president  and  trustees  of  the  New  York  College  of 
Pharmacy  for  their  kindness  and  courtesy  in  tendering 
us  the  gratuitous  use  of  their  rooms  for  the  evening. 

The  resolution  was  adopted. 

Dr.  Fred.  Hofmakn  said  that  he  was  authorized  by 
the  president  and  trustees  of  the  New  York  College  of 
Pharmacy  to  tender  to  the  new  society  the  gratuitous 
use  of  their  rooms  till  the  society  should  secure  perma- 
nent accommodation. 

On  motion,  it  was  resolved  to  accept  the  offer  for 
the  immediate  future. 

A  recess  was  then  taken  till  the  return  of  the  No- 
minating Committee. 

W.  M.  Habirshaw  reported  the  following  nomina- 
tions on  behalf  of  the  Nominating  Committee : 

President — John  W.  Draper. 

Vice- Presidents, — J.  Lawrence  Smith,  F.  A.  Oenth,  E. 
Hilgard,  J.  W.  Mallet,  C.  F.  Chandler,  Henry  Morton. 

Corresponding  Secretary. — ^H.  C.  Bolton. 

Recording  Secretary, — I.  Walz.  ^ 

TYeasurer, — ^W.  M.  Habirshaw. 

Librarian. — 1^.  Casamajor. 

Curators, — ^E.  Sherer,  E.  Waller,  F.  Hofmann. 

Committee  an  Nominations, — C.  A.  Joy,  M.  Alsberg, 
S.  Bt  John,  C.  FrSbel,  £.  P.  Eastwick. 

Committee  on  Papers  and  Publications. — ^A.  R.  Gal* 
latin,  H.  Endemann,  A.  R.  Leeds. 
2 
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Mr.  Baumgartew  moved  that  the  report  of  the  No- 
minating Committee  be  accepted. 

Carried. 

On  motion,  the  Nominating  Committee  was  instruc- 
ted to  communicate  with  the  nominees,  and  in  cases  of 
refusals,  to  propose  other  nominations  to  the  society 
in  ample  time  to  notify  the  members  before  the  elec- 
tion. 

On  motion  of  Prof.  Chandler,  it  was 

Hetolved,  That  the  chemists  present  at  this  meeting, 
and  those  who  shall  have  replied  favorably  to  the 
invitations  by  their  presence  or  in  writing  before  the 
first  regular  meeting,  bo,  and  hereby  are,  constituted 
members  of  the  society. 

L  Walz  moved  that  when  the  society  adjourns,  it 
shall  adjourn  to  meet  again  on  the  first  Thursday  in 
May,  at  the  same  time  and  place. 

W.  M.  Habirshaw  moved  to  amend  this  motion  by 
altering  the  date  to  April  20th. 

The  amendment  was  carried,  and  also  the  motion,  as 
amended. 

Fred.  Hofmank  moved  a  vote  of  thanks  to  the  pres- 
ident of  the  evening,  and  called  upon  the  secretary  to 
put  the  question. 

The  motion  was  carried. 

W.  H.  Nichols  moved  a  similar  vote  of  thanks  to 
the  temporary  secretary. 

Carried. 

Adjourned. 


II. — Proceedings  of  the   Second  Meeting  fob 

Organization. 

April  20th,  1876. 
Present,  twenty-seven  resident  members. 
Mr.  E.  P.  Eastwick  was  elected  president  pro  tem. 
The  reading  of  the  minutes  of  the  previous  meeting 
was  dispensed  with. 
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The  President  announced  that  since  the  last  meet- 
ing 21  non-resident  chemists  had  signified  their  desire 
to  join  the  society,  raising  the  total  of  non-resident 
members  to  74. 

TV.  M.  Habibshaw  reported  a  list  of  officers  on  be- 
half of  the  Nominating  Committee.  On  motion,  the 
report  was  accepted. 

On  motion,  it  was  resolved  to  proceed  with  the  elec- 
tion of  officers  and  committee<i. 

On  motion,  the  President  was  directed  to  appoint 
two  tellers  of  election.  The  President  appointed 
Messrs.  W.  H.  Nichols  and  H.  Endemann. 

The  election  then  proceeded,  and  the  tellers  an- 
nounced that  27  votes  had  been  cast,  and  the  follow- 
ing officers  unanimously  elected : 

President. — John  W.  Draper. 
Viee- Presidents. — ^J.  Lawrence  Smith,  Frederick  A. 
Genth,  E.  Hilgard,  J.  W.  Mallet,  Charles  F.  Chandler, 
Henry  Morton. 

Corresponding  Secretary, — Gteorge  P.  Barker. 

Recording  Secretary. — Isidor  Walz. 

Treasurer, — W.  M.  Habirshaw. 

Librarian, — P.  Casamajor. 

Curators, — Edward  Sherer,  W.  H.  Nichols,  Fred'k 
Hoffmann. 

Committee  on  Papers  and  PMications, — Albert  R. 
Leeds,  Herrmann  Endemann,  Elwyn  Waller. 

Committee  on  Nominations, — E.  P.  Eastwick,  M. 
Alsberg,  8.  SL  John,  Charles  Frobel,  Chas.  M.  Still- 
well. 

On  motion,  the  President  was  directed  to  appoint  a 
committee  of  three  on  rooms  for  the  society.  The 
President  appointed  Chas.  F.  Chandler,  L  Walz,  and 
F.  M.  Baumgarten  as  such  committee. 

On  motion,  the  meeting  resolved  itself  into  a  com- 
mittee of  the  whole,  in  order  to  discuss  views  and 
plans  for  future  guidance. 

When  the  Committee  rose,  W.  H.  Nichols,  on  its 
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behalf,  reported  to  the  Society  a  recommendation  that 
besides  the  regular  meetings,  more  informal  meetings 
of  the  resident  members  be  held,  which  would  tend 
to  bring  the  members  into  closer  intercourse,  and  enable 
them  to  discuss  the  matters  of  minor  importance  not 
suited  to  the  dignity  of  the  regular  meetings. 

On  motion,  the  report  was  accepted,  and  it  was 

Besotted,  That  informal  meetings  of  the  resident 
members  of  the  Society  be  held  on  the  third  Monday 
of  every  month. 

On  motion  of  W.  M.  Habibshaw,  the  secretary  was 
authorized  to  print  800  copies  of  the  Constitution  and 
By-Laws,  together  with  a  list  of  officers  and  members 
of  the  Society. 

The  Presidekt  announced  that  the  first  regular  meet- 
ing  of  the  Society  would  be  held  on  May  4th,  and 
announced  that  a  paper  would  be  read  by  Dr.  H. 
Endemann,  *'0n  the  Determination  of  the  Relative 
Effectiveness  of  Disinfectants,"  and  one  by  Mr.  P. 
Casamajor,  "  On  an  Iron  Amalgam." 

The  meeting  then  adjourned. 


I.— Proceedings. 
Regular  Meeting,  May  4fA,  1876, 

Yicb-Pbesidbnt  C;  F.  Chandler  in  the  Chair; 
thirty  members  present. 

The  reading  of  the  minutes  of  the  last  meeting  was 
dispensed  with.  The  chair  submitted  a  report  from 
the  Council  of  the  Society.  [N.  R  The  suggestions 
contained  in  this  report  were  adopted  by  the  Society ; 
tid^  bel  o  w. — Sec'  t.  ] 

The  following  gentlemen  were  proposed  as  mem- 
bers :  F.  Spangenberg,  Ph.D.,  H.  A.  Mott,  Jr.,  Hec- 
tor C.  Havemeyer,  W.  F.  Henes,  (Jeo.  M.  Miller,  Prof. 
R.  A.  Fisher,  Chas.  A.  Robbins,  Ph.D.,  Prof.  P.  W 
Bedford,  of  New  York;  A.  Baumgarten,  Ph.D.,  of 
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Montreal,  Canada;  J.  P.  Kimball,  Ph.D.,  of  Bethle- 
hem, Pa. ;  Prof.  Saml  P.  Sadtler,  Ph.D,,  Univei-sity 
of  Pennsylvania,  Philaddphia,  Pa. 

The  following  gentlemen  were  proposed  as  associ- 
ates :  Willard  Bartlett,  Walter  de  R  Day,  Isaac  New- 
ton, Elihu  W.  Root,  L  Adler,  M.D.,  Joseph  Hinds, 
Henry  Holt,  all  of  New  York. 

Dr.  H.  Enderaann  read  a  paper  "  On  the  Determina- 
tion of  the  Relative  Effectiveness  of  Disinfectants,*^ 
the  discussion  of  which  closed  at  a  late  hour,  on 
which  account  the  papers  of  P.  Casamajor  and  L  Walz 
were  laid  over  till  the  next  meeting. 

I.  Walz  stated  as  a  preliminary  communication  that 
he  had  found  vanadium  in  magnetic  iron  ore  from 
the  Church  Mine,  Van  Syckles'  Comer,  N.  J.,  to  the 
amount  of  0.8-0.4  per  cent 

On  motion,  Waldron  Shapleigh  was  elected  a  mem- 
ber of  the  Committee  on  papers  and  publications. 

On  motion,  the  third  Thursday,  instead  of  the  third 
Monday,  of  each  month,  was  fixed  as  the  date  of  the 
informal  meetings. 

The  following  rules  were  adopted: 

Rule  L  No  vote  of  thanks  shall  be  passed  to  any 
member  of  the  Society  for  any  paper  or  communica- 
tion read  before  the  Society. 

Rule  IL  Persons  desiring  to  become  members  or 
associates  must  be  proposed  In  writing  by  at  least 
three  members  of  the  Society. 

It  was  resolved  to  engage  the  lecture-room  of  the 
N.  Y.  College  of  PhJrtnacy  for  the  regular  meetings 
of  the  Society  till  next  autumn. 

It  was  resolved  to  devote  the  funds  derived  from 
life-membership  exclusively  to  the  formation  of  a 
library. 

Adjourned  till  June  1st,  1876. 

L  Wai^z,  Secretary. 
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n  — Proceedings. 
Regular  Meeting^  June  1«<,  1876. 

Vice-Prbsidknt  C.  F.  Chandler  in  the  Chair 
twenty -eight  membei's  present. 

The  minutes  of  the  previous  meeting  were  read  and 
approved. 

The  Council  of  the  Society  submitted  for  adoption 
the  following 

Rule  :  The  meetings  of  this  Society  shall  be  open  to 
the  public ;  but  others  than  members  and  associates 
will  not  be  permitted  to  participate  in  the  discussions, 
except  by  special  permission  or  request. 

(This  rule  was  subsequently  adopted.) 

The  following  members  and  associates  were  then 
elected  by  ballot : 

Members, — P.  W.  Bedford,  R.  A.  Fisher,  Hector  C. 
Havemeyer,  W.  F.  H^nes,  J.  P.  Kimball,  Ph.D.,  Geo. 
M.  JVIiller,  H.  A.  Mott,  Jr.,  Charles  A.  Bobbins,  Ph.D., 
of  New  York;  F.  Spangenberg,  Ph.D.,  A.  Baum- 
garten,  Ph.D.,  Montreal,  Can. ;  S.  P.  Sadtler,  Ph.D., 
Philadelphia,  Pa. 

Associates, — Isaac  Adler,  M.D.,  Willard  Bartlett, 
Walter  de  F.  Day,  M.D.,  Joseph  Hindes,  Henry  Holt, 
Isaac  Newton,  Elihn  W.  Root,  of  New  York. 

The  following  names  were  proposed  for  membership : 
Samuel  Morris  Lillie,  T.  J.  Parker,  E.  L.  Youmans, 
W.  J.  Youmans,  of  New  York ;  J.  G,  AUyn,  Chicago, 
His. ;  Florian  Alexander,  New^Jrk,  N.  J. ;  E.  H.  L. 
Bailey,  C.  M.  Roeper,  Bethlehem,  Pa. ;  G.  W.  Belcher, 
St.  Louis,  Mo. ;  H.  B.  Cornwall,  Princeton,  N.  J. ; 
C.  Lewis  Diehl,  Louisville,  Ky. ;  F.  P.  Dunnington, 
Lexington,  Va. ;  Persifor  Frazer,  George  A.  Koenig, 
Howard  W.  Mitchell,  Philadelphia,  Pa. ;  Samuel  W. 
Johnson,  New  Haven,  Ct. ;  C.  I.  Lawlor,  Brooklyn, 
L.  I. ;  John  Alva  Myers,  Irvington,  Ind. ;  Richard 
Pearce,  Black  Hawk,  Col. ;  Frederick  Prime,  Jr.,  Wil- 
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liam  8.  Sweeny,  Easton,  Pa. ;  Henry  Morton  Seely, 
Middlebury,  Yt. ;  Herman  Yoorhees,  New  Brighton, 
8.  L,  New  York;  Theodore  R.  Wolf,  Wilmington, 
Del. 

The  following  were  proposed  as  associates :  Edward 
N.  Dickinson,  Gko.  Elder,  Jr.,  Adolph  Hallgarten, 
H.  O.  Havemeyer,  Theodore  Havemeyer,  Jolin  Habir- 
shaw,  F.  Jones,  Charles  Y.  Mapes,  F.  O.  Matthiessen, 
Wm.  A.  Miles,  W.  J.  Parsons,  G.  W.  Plympton,  Charles 
H.  Senff,  Austin  G.  Day,  Julius  H.  Striedinger,  of 
New  York ;  John  H.  Ricketson,  Pittsburg,  Pa. ;  Jo- 
seph Gandolf o,  Brooklyn,  N.  Y. 

The  following  papers  were  read : 

**0n  the  Amalgamation  of  Iron  and  some  other 
Metals,^'  by  P.  Casamajor ; 

**  On  the  General  Occurrence  of  Yanadium  in  Ameri- 
can Magnctites,^^  by  Isidor  Walz,  Ph.D. ; 

"Action  of  Impure  Rain  Water  on  Lead  Pipes,"  by 
Paul  Schweitzer,  Ph.D. ; 

"On  the  Cause  of  Discrepancies  in  the  Estima- 
tion of  Silver  in  Pig  Lead,"  by  Paul  Schweitzer, 
Ph.D.; 

"Analysis  of  the  Gneiss  of  Manhattan  Island,"  by 
Paul  Schweitzer,  Ph.D.; 

"Bismuth  in  Lead  in  the  Manufacture  of  White 
Lead,"  by  H.  Endemann,  Ph,D.; 

"  Kerosene  Oil,"  by  H.  B.,  Cornwall ; 

"Preliminary  Note  on  Litmus,"  by  Howard  W. 
Mitchell. 

After  the  reading  of  the  papers,  the  Society  resolved 
to  tender  a  complimentary  dinner  to  the  foreign 
chemists  officially  connected  with  the  Philadelphia 
Exhibition,  and  authorized  the  chairman  to  appoint 
the  proper  committees. 

Adjourned  to  July  6th,  1876. 

L  Walz,  Recording  Sec'y. 
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in. — Ok  Thb   Detebmination  of   thb  Relatiyib 

EFFECrrVEKBSS  OF   DiSmFECTAKTS. 

BT  HEBICAKN  BKDEHANN,   Pn.D. 

(BeftdMAj  4th,  1876.) 

DuBiNG  the  last  ten  years  considerable  efforts  have 
been  made  to  arrive  at  some  definite  conclusion  re- 
garding the  nature  of  the  substances,  which  constitute 
what  has  been  called  infectious  matter  and  contagion 
— substances,  which,  when  brought  in  contact  with  the 
healthy  organism,  are  able  to  produce  well-defined 
diseases. 

There  are  physicians  who  take  the  ap])earance  of  an 
epidemic  as  something  quite  natural,  which  by  no  means 
can  be  prevented.  They  argue  that  there  are  always 
sporadic  cases  of  such  diseases,  and  an  epidemic  will 
then  occur  when  quite  a  number  of  persons  liable  to 
take  a  disease  are  in  existence.  They  take  it  for 
granted,  that  human  nature,  in  its  development,  de- 
velops also  these  weaknesses.  The  causes  are  omni- 
present, and  it  is  therefore  useless  to  protect  others  by 
quarantine  and  other  violent  measures. 

The  far  greater  number  of  physicians  seem,  however, 
in  favor  of  not  omnipresent  and  of  specific  substances, 
which,  when  brought  into  the  organism,  develop 
special  diseases.  The  question  as  to  the  nature  of  this 
contagium  is  however  by  no  means  settled. 

Being  myself  an  adherent  of  the  micrococcus,  germ, 
or  bacterium  theory,  I  prefer  to  first  make  you  ac- 
quainted with  this  before  I  shall  attempt  to  criticise  the 
others. 

Fermentation,  putrefaction,  and  decay  are  processes, 
which  are  not  caused  by  the  tendency  of  the  atoms, 
which  constitute  the  mora  complex  substances,  to 
form  more  simple  chemical  compounds,  as  was  for- 
merly believed,  but  by  the  presence  of  microscopical 
organisms. 

Most  of  these  organisms  are  exceedingly  small,  so 
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that  it  becomes  necessary  to  use  the  microscope  for 
the  purpose  of  demonstrating  their  presence,  and 
many  are  so  very  small  that  even  the  highest  powers 
of  our  microscope  fail  to  exhibit  them  clearly. 

Plants  with  green  leaves  are  aY)le  to  build  themselves 
up  by  the  absorption  and  reduction  of  carbonic  acid 
and  other  inorganic  compounds.  Animals  live  on  the 
material,  which  has  been  produced  by  the  plants. 
But  between  these  stands  this  class  of  saprophytes, 
which,  from  a  want  of  chlorophyllum,  are  unable  to 
convert  inorganic  food  into  suitable  building  material, 
.  and  thus  are  bound,  though  they  are  plants,  to  resort 
to  the  same  mode  of  living  as  the  animal.  They  are 
the  great  scavengers  of  nature,  by  reducing  and  ab- 
sorbing all  that  has  been  spared  by  the  animals,  in 
whatever  shape.  They  thus  do  infinite  good,  but  by 
their  parasitic  nature  they  may  likewise  inflict  great 
harm. 

All  living  organisms  are^built  up  of  ceUs,  which  in 
the  higher  plants  and  animals  are  more  complicately 
constituted,  and  even  in  the  same  individual  of  many 
varied  shapes.  The  lower  the  organism  the  less  we 
find  these  variations,  until  at  last  we  know  of  organisms, 
which  are  only  one  single  cell,  which  undertake  the 
functions  of  sustenance  and  propagation. 

A  new  cell  is  in  this  case,  as  a  rule,  formed  by  the 
partitioning  off  of  part  of  the  contents ;  but  the  free 
formation  of  the  cells  by  the  concentration  of  the 
material  producing  the  cell  wall  around  parts  of  the 
plasma  is  not  impossible. 

This  becomes  more  complicated,  however,  with  the 
higher  eerophytic  forms  of  fungi. 

If  we  add  to  their  well  studied  and  generally 
acknowledged  various  ways  of  fructification  and 
propagation,  that,  which  these  organisms  seem  to  have 
according  to  various  authors,  viz.:  that  they  may  also 
appear  and  thrive  as  yeast,  their  indestructibility  be- 
comes exceedingly  wonderful,  their  manners  of  propa- 
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gation  being  adapted  to  almost  every  contingency. 
This  fact,  that  higher  fungi  may  appear  as  yeast,  when 
brought  under  abnormal  conditions — as,  immersion 
into  a  saccharine  liquid — is  strongly  opposed,  however, 
by  some  botanists,  though  it  is  now  a  well-known 
fact  that  the  mycelium  of  mucor  mucedo  after  im- 
mersion develops  into  yeast,  which  however  is  able  to 
decompose  the  sugar  only  to  such  an  extent,  that  at 
the  ordinary  temperature  of  fermentation  about  four 
per  cent  of  alcohol  is  formed. 

It  is  further  remarkable,  that,  while  we  are  able  to 
convert  the  mycelium  of  mucor  mucedo  into  yeast,  we 
cannot  easily  obtain  from  the  yeast  thus  formed  the 
original  fungus.  It  seems  that  the  degeneration  of  the 
cells,  by  being  brought  into  such  abnormal  conditions 
prevents  or  at  least  makes  the  reformation  difficult. 

Yeast  is  an  absorber  of  oxygen  and  grows  in  the 
same  ratio  as  its  affinity  is  satisfied.  If  oxygen  is 
plenty,  yeast  will  grow  rapidly,  but  without  producing 
alcohol.  If  oxygen  is  smatl  in  amount,  the  yeast  will 
by  a  kind  of  pathological  process  decompose  sugar 
into  alcohol  and  carbonic  acid. 

Having  shown  you,  now,  that  a  degeneration  of  a 
higher  fungus  to  yeast  is  possible,  I  come  to  speak  of 
the  views  of  Prof.  Iladlier  in  Jena.  Hallier  defends 
the  independence  of  the  plasma.  If  a  cell  comes  into 
fluids,  in  which  its  regular  development  is  impossible, 
it  may  happen  that  the  cell  wall  becomes  gradually 
dissolved,  and  that  the  plasma,  in  the  shape  of  exceed- 
ingly small  cells  with  a  motion  of  their  own,  is  liber- 
ated. These  exceedingly  small  cells  he  calls  micro- 
cocci. They  differ  in  size,  etc,  according  to  the  fun- 
gus to  which  they  belong,  and  are  able  again  under 
favorable  circumstances  to  produce  the  same  fungus, 
or  other  forms  which  may  always  be  transformed 
again  into  this. 

Beside  the  micrococcus  and  yeast- form  he  gives  to 
each  fungus  six  morphae  as  which  it  may  appear. 
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It  has  seemed  to  many  wonderful  to  accept  the 
fungi  as  able  to  indulge  in  such  manifold  transfonna- 
tions.  On  my  part,  and  a  priori,  I  would  consider  it  far 
more  wonderful  if  these  manifold  ways  of  propagation 
did  not  exist,  and  if  each  plant  should  remain  and 
appear  only  in  the  same  form. 

Unfortunately  for  Hallier,  he  has  never  been  able  to 
satisfy  his  own  colleagues  as  to  Ihe  correctness  of  his 
observation,  and  on  studying  his  writings  I  find 
always  that  some  uncertainty  is  left  regarding  the 
conclusions  which  he  draws  from  his  observations. 

The  fungus  which  produces  potato  wet-rot  is  Pero- 
nospora  infestans.  In  his  latest  writings  he  corrects  at 
first  some  of  DeBary^s  mistakes  regarding  the  genni- 
nation  and  propagation  of  this  fungus.  He  describes 
how  the  mycelium  works  itself  into  the  potato,  and 
how  thereafter  micrococci  or  bacteria  appear  in  large 
numbers,  which  destroy  the  whole  interior  of  the  potato 
in  a  few  days,  converting^ it  into  a  mucilage-like  fiuid. 

He  argues :  How  can  these  bacteria  reach  the  in- 
terior unless  they  are  produced  from  the  mycelium  of 
the  Peronospora,  and  the  bacteria  therefore  are  another 
form  of  Peponospora  ? 

Others  say :  If  the  potato  becomes  injured  by  Uie 
mycelium  of  Peronospora,  which  draws  its  nourish- 
ment from  it  and  thus  alters  its  composition,  it  may 
produce  a  fertile  soil  for  the  further  development  of 
the  bacteria,  which  are  everywhere. 

To  meet  this  objection  he  sows  another  fungus  on 
potatoes,  and  proves,  by  actual  experiment,  that  the 
bacteria  do  not  occur  under  these  circumstances. 

Now  there  would  be  no  doubt,  that  jthe  Peronospora 
is  the  real  enemy  of  the  potato,  if  we  consider  its 
presence  necessary  for  the  purpose  of  altering  the 
substance  of  the  potato,  so  that  the  life  and  prosperity 
of  the  bacteria  become  possible. 

But  such  is  not  the  case;  the  bacteria  themselves 
infect  and  destroy  a  potato  sooner  than  the  fungus 
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ever  will,  and  without  its  presenca  This  experiment, 
in  fact,  is  greatly  in  fayor  of  Hallier's  theory.  He 
has  proved  that  a  fertile  soil  for  the  bacteria  need 
in  no  way  be  prepared ;  that  they  can  do  it  them- 
selves. 

Regarding  Hallier^s  very  ingenious  theory,  it  is  to 
be  hoped  that  he  will  be  enabled,  by  further  investi- 
gations, to  make  his  probabilities  certainties. 

It  cannot  be  my  task  as  chemist  to  decide  botanical 
questions,  and  I  believe  I  have  done  my  duty  here,  if 
I  merely  give  you  the  views  of  the  more  important 
representatives  of  science. 

While  now  Hallier  looks  at  micrococci  or  bacteria 
as  being  forms  of  higher  fungi,  othersyconsider  them 
as  independent  species,  which  are  not  connected  with 
and  cannot  be  converted  into  fungi.  They  consist  of 
one  single  cell,  and  multiply  simply  by  division.  These 
cells  are  spherical,  oblong,  etc.,  and  when  free,  and  not 
in  the  act  of  multiplying,  they  show  a  motion  of  their 
own,  which,  by  the  addition  of  some  sulphuric  acid, 
may  be  easily  arrested.  They  grow  in  colonies,  and 
each  individual  is  surrounded  and  enveloped  by  a 
mucous  substance.  After  they  have  thus  reposed  for 
some  time,  they  are  at  once  released,  and  then  move 
out  into  the  fluid,  with  a  peculiar  twisting  motion. 

Regarding  particulars,  I  refer  to  the  American 
Chemist,  Nov.,  1876,  where  a  short  abstract  of  Cohn's 
paper  on  bacteria  is  given.  While  the  higher  fungus 
has  rarely  been  regarded  as  the  cause  of  disease,  unless 
it  be  by  Hallier,  the  bacteria  have  generally  been  cred- 
ited with  being  such  cause. 

This  is  based  on  direct  observation.  The  occur- 
rence of  higher  fungi  in  the  human  organism  is  limited 
to  but  few  instances ;  as,  for  example,  the  occurrence 
of  Aspergillus  glaucus  in  the  ear.  Bacteria,  however, 
have  frequently  been  found,  and  are  at  present  con- 
sidei-ed  to  be  the  cause  of  most  of  our  infectious  and 
contagious  diseases.    The  nature  of  the  disease  de- 
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pends  on  the  nature  of  the  bacteria  which  are  intro- 
duced into  the  system. 

Many  experimenters  could  not  at  first  find  bacteria ; 
but  after  they  were  compelled  to  acknowledge  the 
fact  of  the  presence  of  bacteria  in  the  affected  organ- 
ism, they  soon  found  that  bacteria  exist  eren  in  the 
healthy  organism.  The  latest  experiments,  however, 
seem  to  prove  that  an  absolutely  healthy  organism  is 
actually  irke  from  bacteria.  Blood  taken  with  the  ut- 
most precautions,  and  collected  in  glass  tubes  which 
were  purified  by  boiling  mercury  in  them  for  somt 
time,  has  kept,  after  the  tubes  were  sealed,  for  year& 
without  any  other  change  than  the  dissolving  of  its 
blood  corpuscles  in  the  serum.  Every-day  observa- 
tions, however,  would  be  likely  to  bring  us  to  the 
tame  result  The  fact  that  the  meat  of  diseased  ani- 
mals, for  instance,  is  apt  to  undergo  the  process  of 
putrefaction  sooner,  and  other  cases  could  be  cited 
as  tending  to  confirm  this  view. 

Bacteria  are  known  to  be  the  cause  of  putrefaction, 
and  if  the  habitations  of  men  be  situated  on  an  area 
of  ground  where  such  decompositions  take  place  on  a 
larger  scale,  they  are  invariably  unhealthy.  There  is, 
therefore,  a  connecting  link  between  unhealthiness 
and  putrefaction,  which  is  not  disputed. 

The  question,  which,  however,  now  may  arise  is, 
whether  the  ferment  or  the  products  of  fermenta- 
tions constitute  the  real  poison  for  human  constitu- 
tion. 

There  are  many,  who  consider  bacteria'  as  compara- 
tively or  quite  harmless,  while  the  fiuids  in  which  they 
were  grown  are,  in  their  opinion,  the  real  poisons. 

But  even  if  this  latter  were  true,  the  theory  regard- 
ing the  bacteria  as  the  cause  would  not  be  much  af- 
fected. If  bacteria  can  alter  otherwise  harmless  fiuids 
to  forms,  in  which  they  become  most  virulent  poisons, 
the  bacteria  remain  the  cause,  and  the  developed  poi- 
son is  the  effect ;  unless,  as  some  are  inclined  to  think, 
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the  poison  produced  by  the  bacteria  is  considered  to 
belong  to  the  class  of  unorganized  ferments. 

Under  these  circumstances  we  might  consider  a  dis- 
ease Wiginally  produced  by  bacteria,  but  reproduced 
by  the  unorganized  ferment,  which  owes  its  origin  to 
the  activity  of  the  first. 

Unorganized  ferments  are  substances  which,  owing 
to  their  instability  (in  the  presence  of  oxygen  ?)  trans- 
plant the  motion  of  their  ow^  atoms  tor  other  sub- 
stances with  which  they  are  in  contact,  thus  producing 
their  decomposition  or  other  chemical  changes. 

If  we  look  now  to  such  unorganized  ferments  as  the 
cause  of  disease,  it  becomes  manifest  that  we  must 
consider  their  action  as  partly  consisting  in  a  repro- 
duction of  themselves —an  action,  which  thus  becomes 
more  similar  to  the  action  of  organized  ferments  or 
organisms,  but  which  at  the  same  time  would  compel 
us  to  give  to  these  albuminoids  a  property,  which  has 
in  no  case  as  yet  been  proved  to  exist  with  any  of  the 
better  known  substances  of  this  class. 

The  theory  looking  to  an  albuminoid  as  the  poison 
claims  therefore  the  existence  of  as  yet  mythical  com- 
pounds. 

There  are  other  ferments,  which  act  merely  in  the 
manner  of  nitrogen  dioxide  in  the  manufacture  of  sul- 
phuric acid  (Pepsin).  But  even  for  these  the  above- 
mentioned  difficulty  exists. 

And  finally  we  might  consider  the  sick  body  as  pro- 
ducing a  ferment  under  its  own  vital  influence  by  the 
perversion  Jf  its  natural  and  healthy  powers. 

The  idea  is  very  profound  but  very  vague,  as  yet, 
and  utterly  unproved.  There  is  in  fact  only  one  thing 
in  favor  of  this  theory,  and  that  is  a  negative  proof ; 
viz.,  that  many  have  looked  in  vain  for  bacteria  in  the 
sick  body. 

Considering  the  experiments,  which  are  intended  to 
prove  that,  not  the  bacteria  but  the  products  of  their 
vitality  are  the  poison,  we  find  that  a  good  many  ob- 
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jections  can  be  raised  against  their  fitness  to  convince 
us  of  the  independence  of  the  albuminoid  action. 

Hogyes,  of  Pesth,  developed  bacteria,  which  he  ob- 
tained from  the  stools  of  persons  sick  with  cholera,  in 
Cohn^s  fluid,  then  separated  the  bacteria  from  the 
fluid  by  filtration  through  a  clay  cell  and  by  injecting 
the  clear  flaid  into  the  jugular  vein  of  healthy  ani- 
mals caused  the  same  symptoms  which  had  been  pro- 
duced by  the  fluid,  which  yet  contained  the  bacteria.  . 

This  treatment  might  have  simply  produced  a  pre- 
disposition in  the  animals  to  take  up  and  develop  the 
bacteria,  which  are  considered  to  be  in  the  air  and 
water  of  the  infected  area  during  the  time  of  an  epi- 
demic. 

At  the  same  time  it  should  be  mentioned,  that  this 
experiment  in  no  way  would  contradict  our  views  of 
the  action  of  the  bacteria,  which  is  certainly  mainly 
a  chemical  one,  though  the  mechanical  one  can  in 
no  way  be  entirely  ignored.  Whether  the  substances 
which  act  directly  upon  the  healthy  organism  were 
formed  inside  or  outside  of  it,  is  of  but  little  conse- 
quence, especially  as  the  doses  used  for  infection  were 
generally  taken  so  large  that  an  immediate  develop- 
ment of  the  disease  was  recognized.  Klebs  and  Tiegel 
filtered  and  washed  the  bacteria  with  water,  and  found 
that  in  some  cases  the  fluids  acted  as  poison,  not  how- 
ever in  others. 

The  action  of  micrococci  on  the  organism  is  perhaps 
most  naturally  considered  to  be  one  on  the  healthy 
constituents  of  the  body,  by  which  products  of  decom- 
position are  rapidly  formed,  which  cannot  be  removed 
by  the  existing  channels  so  rapidly  as  they  are 
formed. 

I  here  call  attention  to  my  analyses  of  the  blood 
of  horses  sick  with  epizootic  influenza.  Report  of  the 
Health  Dept  of  New  York  City,  1872. 

If  the  experiments  made  to  uphold  the  theory  of 
infection  by  non-organized  ferments  is  to  be  upheld. 
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it  becomes  necessary  to  introduce  these  substances  in 
minimum  quantities.  WolffhUgel,  of  Munich,  says 
therefore :  To  obtain  conclusive  results,  neither  large 
doses  should  be  taken  for  the  purpose  of  infection, 
nor  should  the  infection  be  undertaken  in  a  locality 
which  is  already  infected. 

That  bacteria,  which  were  separated  from  the  fluid, 
in  which  they  were  grown,  by  filtration,  and  which 
had  been  well  washed  with  water,  proved  harmless 
when  inoculated,  cannot  astonish  us,  when  we  con- 
sider, that  the  bacteria  cannot  exist  and  retain  their 
vitality  in  fluids,  which  do  not  abound  in  nourishing 
salts,  etc. 

Let  us  consider  the  appearance  of  a  fluid  which  has 
been  newly  infected  by  1>acterla.  If  the  fluid  is  at  all 
adapted  for  this  purpose,  if  it  had  been  dear  origin- 
ally, we  soon  recognize  a  constantly  increasing  cloudi- 
ness. The  milky  appearance  of  the  fluid  remains  until 
the  bacteria  cease  to  find  food  suitable  to  sustain  their 
life.  The  bacteria  then  get  into  a  state  of  inactivity ; 
they  fall  to  the  bottom,  and  the  fluid  gpradually  be- 
comes clear. 

A  good  deal  has  been  written  regarding  the  cleansing 
influence,  which  oxygen  exerts  for  the  destruction  of 
injurious  substances  (sewage)  in  our  river  waters,  and 
though  there  is  hardly  a  doubt,  that  some  of  the  purifi- 
cation brought  about  in  running  streams  is  due  to  oxy- 
dation,  it  is  my  conviction,  that  it  is  mainly  due  to  the 
great  dilution  of  the  nourishing  substances. 

This  is  not  only  propagated  by  motion,  but  motion 
itself  is  according  to  some  authors  suflScient  to  prevent 
or  retard  the  development  of  bacteria,  which  then  will 
fall  to  the  bottom.  There  are  therefore  two  agents 
detrimental  to  the  life  of  bacteria  which  were  grown 
in  sewage  and  had  found  their  way  into  the  streams: 
dilution  of  the  nourishment,  and  motion. 

Oxygen  is  not  an  enemy  to  bacteria,  but  acts  rather 
on  the  products,  which  owe  their  origin  to  the  vital 
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process  of  these  bodies.  It  is  different  with  stagnant 
water.  Stagnant  pools  are  constantly  supplied  by 
subterranean  or  other  channels  in  the  same  degree  as 
there  is  loss  by  evaporation,  but  there  being  no  outlet, 
other  than  by  evaporation,  the  nourishing  substances 
must  accumulate  and  the  development  of  the  bacteria 
be  fostered. 

Our  wells,  which  are  dug  to  unearth  the  more  or 
less  stagnant  subsoil  water,  are  richer  in  solids  and 
therefore,  and  for  the  smaller  volume  of  the  water,  a 
contamination  with  sewage  must  be  more  detrimental 
than  if  the  same  had  passed  into  a  ranning  stream. 

But  not  only  the  water,  even  the  air  above  it  becomes 
thus  infected,  since  these  very  minute  oi^anisms  are 
carried  off  by  the  evaporating  water.  Thus  they  may 
give  rise  to  fever  and  the  **  milk  sickness*^  amongst 
cattle,  which  owe  their  origin  to  defective  drainage;  or 
to  cholera,  which  is  so  intimately  allied  with  the  fall 
of  the  subsoil  water. 

The  above  prove,  therefore,  but  little  against  the 
micrococcus  theory.  The  unorganixed  ferment  theory 
is,  in  my  opinion,  according  to  the  standard  of  science 
at  the  present  date,  untenable,  and  if  it  has  been 
proved  that  the  poisons  owe  their  origin  to  the  vital 
activity  of  the  bacteria  in  otherwise  harmless  fluids, 
why  not  accept  these  organisms  at  once  as  the  cause 
of  disease  ? 

Might  they  not,  in  the  same  manner  as  they  change 
Pasteur's  or  Cohn-s  fluid,  change  also  the  healthy  con- 
stituents of  the  living  body  f 

Beside  the  presence  of  bacteria  in  the  sick  body,  there 
is  direct  evidence  by  no  means  wanting  to  uphold  our 
theory. 

Vadcine  lymph,  allowed  to  settle,  lets  its  bacteria 
fall  to  the  bottom.  The  upper  layers  of  the  vaccine 
are  perfectly  without  power  to  produce  the  disease, 
the  middle  layers  show  it  slightly,  while  the  sediment 
proves  to  be  highly  infectious. 
3 
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Those  defending  views  to  the  contrary  consider  this 
as  produced  merely  by  surface  attraction  on  the  part 
of  the  finely  divided  mass  of  bacteria,  which  thus 
shall  contrive  to  concentrate  the  poison  upon  their 
surface  and  thus  free  the  serum  from  it. 

Such  an  argument  cannot  influence  us,  however, 
since  the  whole  unorganized  ferment  or  albuminoid 
theory  is  certainly  one  that  deserves  but  little  consid- 
eration, on  the  part  of  chemists  and  others  trained  in 
exact  science. 

I  have  considered  this  rather  voluminous  introduc- 
tion necessary,  to  justify  the  course  which  I  have 
taken  to  determine  the  relative  effectiveness  of  disin- 
fectants. Disinfectants  are  substances  which  destroy 
contagion,  or,  if  we  substitute  for  this  bacteria,  which 
destroy  the  life  of  bacteria. 

In  rendering  bacteria  lifeless,  by  the  addition  of 
disinfectants,  two  stages  can  be  remarked :  a  limited 
quantity  of  disinfectants  wiU  render  them  motionless, 
in  which  state  they  do  not  multiply ;  a  more  abundant 
quantity,  however,  will  produce  death. 

The  effect  of  the  disinfectant  is  often  not  an  imme- 
diate one,  and  especially  then  if  the  quantity  of  disin- 
fectant added  is  barely  sufficient  to  produce  the  de- 
sired results. 

Any  Substance  added  to  a  fluid  to  such  an  ex- 
tent that  the  bacteria  become  merely  motionless,  has 
acted  as  an  antueptie.  If  the  quantity  of  this  sub- 
stance, however,  be  increased  to  actually  produce 
the  death  of  these  organisms,  it  has  acted  as  a  disiTi" 
fectant. 

Antiseptics  are  perhaps  always  also  disinfectants, 
but  their  antiseptic  and  disinfecting  action  stand  by 
BO  means  in  an  invariable  relation.  It  would,  there- 
fore, l>e  absolutely  wrong  to  deduce  the  disinfecting 
properties  from  the  observed  antiseptic  action  of  these 
substances. 

Rational  methods  proposed  for  the  solution  of  the 
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qaestion  of  the  relaidve  effectiveness  of  disinfectants 
require:  ^ 

1.  That  the  fluid  containing  the  putrefaction  and 
fermentation  organisms  shall  be  of  as  simple  a  com- 
position as  is  consistent  with  the  healthy  development 
of  these  organisms. 

2.  After  having  been  treated  with  various  quanti- 
ties of  the  disinfectants,  the  death  of  the  bacteria 
must  he  proved  by  transferring  them  to  a  fluid  well 
suited  for  their  further  development. 

If  dead,  they  will  fail  to  further  develop ;  if  not 
destroyed,  the  further  development  of  these  organisms 
wiU  prove  this. 

In  order  to  comply  with  my  first  rule,  it  became 
necessary  to  select  a  fluid  well  adapted  for  the  devel- 
opment of  these  microscopical  organisms. 

I  had  here  the  choice  between  Pasteur^s  liquid  and 
Cohn^s  fluid. 

The  first  contains  in  lOQ  parts:  10  parts  sugar 
candy,  1  part  ammonium  tartrate,  0.5  part  potassium 
phosphate. 

The  second  contains  in  100  parts :  1  part  ammo- 
nium tartrate,  0.5  part  potassium  phosphate,  0.5  part 
magnesium  sulphate,  0.05  part  calcium  phosphate. 

For  my  first  investigations  I  selected  the  latter,  with 
the  modification  that  I  prepared  it  without  the  mag- 
nesium sulphate.  I  have  since,  however,  come  to  the 
conclusion  that  this  should  not  be  done,  though  the 
bacteria  seem  to  thrive  even  in  this  modified  solution 
perfectly  well. 

Moreover  I  consider  it  a  good  plan  to  repeat  the 
•ame  experiment  with  either  of  the  solutions  proposed, 
to  eliminate  if  possible  the  interference  which  may 
arise  from  the  use  of  the  fiuids. 

The  next  thing  to  be  done  was  the  stocking  of  this 
fluid  with  bacteria.  This  was  performed  by  allowing 
a  current  of  air,  which  had  previously  passed  through 
a  putrifying  mixture  of  urine  and  faeces,   to  pass 
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through  this  liquid  for  twenty-four  hours.  The  fluid 
becomes  opalescent  during  this  process  and  further 
standing  for  twenty-four  hours  aids  considerably  in 
the  development  of  the  bacteria. 

After  forty-eight  hours  this  fluid  was  used  for  the 
purpose  of  studying  the  influence  of  the  disinfectants 
upon  the  bacteria,  which  it  contained. 

Tlie  question  arose  now,  how  I  should  transfer  the 
disinfected  bacteria  to  pure  fluid  without  the  fear  of 
seeing  the  results  masked  by  outside  interference. 

Tlie  most  direct  plan  of  transferring  the  disinfected 
bacteria,  by  means  of  a  pipette,  I  feared  to  use  for  two 
reasons.  The  solution  necessarily  comes  again  in  con- 
tact with  the  outside  air  and  may  thus  become  contami- 
nated ;  and  furthermore,  if  the  destruction  or  partial 
destruction  of  the  bacteria  should  go  hand  in  hand 
with  a  chemical  combination  of  the  disinfectants 
with  the  bacteria,  it  would  'be  possible  that  so  much 
of  the  disinfectant  as  would  be  sufllcient  for  the 
demonstration  of  the  antiseptic  properties  of  the 
disinfectants,  might  be  transferred  to  the  new  fluid. 
I  therefore  resorted  again  to  the  volatility — if  I  may  be 
permitted  to  express  myself  so — of  the  bacteria,  and 
I  saw  in  this  proceeding  no  harm  inasmuch  as  others 
had  stated,  that  even  dead  bacteria  may  thus  be  re- 
moved from  the  fluid  in  which  they  are  contained. 

Moreover,  the  preparation  of  the  original  fluid  was 
in  this  case  a  perfect  guarantee  that  the  bacteria,  which 
I  had  used,  were  thus  readily  transferable. 

I  must  mention  here,  that  this  part  of  my  method  is, 
as  far  as  I  know,  the  only  one  that  has  thus  far  at  least 
been  assailed.  Dr.  Fischer,  of  Hanover,  warns  every- 
body against  believing  in  my  results,  as  Prof.  Cohn  has 
since  found  that  bacteria  may  not  thus  be  transmitted. 

Now,  unfortunately  for  Dr.  Fischer,  he  has  not  only 
misinterpreted  Dr.  Cohn's  casual  statement,  but  he  ig- 
nores entirely  the  fact  that  in  my  case  the  bacteria  had 
been  obtained  in  this  way,  which  cannot  be  said  of  those 
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which  were  used  by  Cohn,  and  that  perhaps  there  are 
a  great  many  more  species  of  bacteria  than  he  is  ac- 
quainted with. 

Prof.  Cohn  mentioned  this  fact  on  occasion  of  pub- 
lishing his  results  of  the  examination  of  air  for  germs 
of  fungi,  when  he  was  astonished  by  the  entire  absence 
of  bacterium  development  in  the  fluids  through 
which  the  air  had  passed.  He  was  even  unsuccessful 
when  the  air  had  previously  passed  through  a  fluid 
containing  bacteria.  He  leaves  it  undecided  whether 
the  development  of  the  bacteria  failed,  for  the  reason 
that  the  rapid  current  of  air  carried  off  the  bacteria, 
but  failed  to  deposit  them  in  the  fluid  destined  for 
their  development. 

But  might  it  not  also  be  possible  that  the  processes 
of  development  of  fungi  and  of  bacteria  are  fatal  to 
the  latter  where  the  field  is  left  to  the  strongest  ? 

I  am  not  prepared  to  clear  up  this  doubt,  but  I  will 
only  mention  that  I  have  never  failed  to  re  verify  my 
original  results  by  the  numerous  experiments  which 
were  made  for  the  purpose  of  control  every  time. 

These  experiments  varied  regarding  their  aim,  as  they 
were  made  as  well  to  test  the  vitality  of  the  bacteria 
on  which  new  disinfectants  were  tried,  as  also  to  con- 
firm the  disinfecting  properties  of  the  original  disin- 
fectants and  the  reliability  of  my  apparatus. 

There  is  no.  doubt  that  bacteria  may  be  carried  off 
from  the  fluid  in  which  they  are  expected  to  grow,  and 
that  only  very  few  contribute  to  the  propagation  in 
my  test  fluid,  yet  I  think  they  are  not  all  thus  removed ; 
and  if  ever  the  rapid  current  of  air  will  not  allow 
their  retention,  the  period  of  calm  after  the  suction  is 
discontinued,  and  which  in  my  experiments  ranges  from 
two  to  eighteen  days,  should  be  sufficient  to  effect 
it. 

The  main  features  of  this  method,  as  I  used  it  origi- 
nally, may  be  found  in  an  article  on  Salicylic  acid,  in 
the  American  Chemist,  August,  1875.     My  object 
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there  was  to  determine  the  smallest  quantities  of  disin- 
fectants, which  sufficed  to  render  the  bacteria  lifeless. 
It  is  unnecessary  to  describe  the  apparatus  again,  but 
it  might  be  of  interest  to  show  in  how  far  I  was  able 
to  guard  against  outside  interference. 

The  flasks,  which  form  a  part  of  the  apparatus,  are 
first  filled  with  alcohol  and  then  dried  in  an  air  bath, 
at  a  temperature  of  between  120®  and  180**C.  The  con- 
necting glass  tubes  and  rubber  stoppers  and  connecting 
tubes  are  disinfected  by  immersion  in  strong  alcohol 
for  one  hour,  taking  special  precaution  that  the  accu- 
mulation of  air-bubbles  in  the  tubes  does  not  preyent 
the  thorough  contact  of  the  alcohol  w^th  their  entire 
surface. 

The  bottles  which  are  to  receive  the  pure  test  fluid 
(Cohn's)  are  then  charged,  and  the  fluid  is  boiled  for 
several  minutes.  While  this  is  in  progress,  the  other 
bottles  destined  to  receive  the  putrid  fluid  are  taken 
from  the  air-bath  and,  while  hot,  charged  with  the 
required  quantity  of  putrid  fluid  and  the  requisite 
quantity  of  disinfectant  to  be  tested.  The  thinness  of 
the  glass  of  these  flasks  prevents  the  fluid  itself  from 
becoming  heated  to  any  deleterious  extent  during  this 
operation.  The  flasks  are  then  at  once  closed  with  the 
stopper  containing  the  connecting  tubes,  and  which 
up  to  this  time  had  remained  immersed  in  alcohol, 
but  which  was  freed  from  it  by  violent  jerking  mo- 
tion, so  that  only  a  trace,  in  the  shape  of  a  thin  film 
covering  the  surface,  remains  at  the  time  the  connec- 
tion is  effected.  The  flask  containing  the  boiling  test 
fiuid  is  then  likewise  dosed,  and  the  connection  at 
once  made. 

Tlie  tubes  filled  with  cotton  are  likewise  disinfected 
by  alcohol  and  heat  The  suction,  with  the  aid  of  a 
Bunsen  filter- pump,  is  commenced  in  about  a  quarter 
of  an  hour,  after  the  test  fluid  had  sufficiently  cooled 
to  become  a  base  for  the  further  developments  of  the 
organisms  contained  in  the  other  flask.    Of  the  re- 
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suits  which  have'  since  been  obtained  by  the  aid  of 
this  apparatus,  I  will  mention : 

1.  Picric  acid  added  to  putrid  fluid  (slightly  alka- 
line), in  the  proportion  of  1  part  to  200  pta.  did  not 
disinfect  completely.  If,  however,  the  solution  had 
been  slightly  acidified  previous  to  the  addition  of 
the  picric  acid,  a  complete  disinfection  could  be 
effected. 

2.  Hydrogen  chloride  completely  disinfects  if 
added  to  the  fluid  in  the  proportion  of  1  pt.  to  64  pts. 
The  bacteria  become  daring  this  process  completely 
dissolved,  and  the  foimerly  turbid  fluid  becomes  per- 
fectly clear. 

This  shows  that  our  mineral  acids  are  pretty  good 
disinfectants,  and  I  believe,  that  in  many  cases  even 
our  metallic  salts  owe  much  of  their  disinfecting  pro- 
perties to  the  ease  with  which  they  may  part  with 
their  acid.  This  is  especially  the  case  with  potassic 
bisulphate,  but  perhaps  also  the  salts  of  aluminium. 
Perhaps  the  greater  effectiveness  of  the  iron  sesquisalts 
as  compared  with  the  protosalts  is  also  due  to  this 
circumstance. 

But  in  many  cases,  no  doubt,  the  metallic  base 
must  be  credited  with  the  bulk  of  effectiveness 
(mercury,  etc.). 

If  we  desire,  therefore,  to  disinfect  the  contents 
of  a  privy  vault,  we  can  easily  do  so  by  adding 
muriatic  acid  until  a  little  more  than  li  per  cent  of 
free  acid  is  contained  in  the  mass.  The  quantity  of 
acid  must,  however,  be  far  larger,  than  if  we  should 
desire  to  make  only  a  li  per  cent,  water  solution,  on 
accoimt  of  the  strongly  alkaline  reaction  of  the  con- 
tents of  the  cesspool 

The  reasons  that  we  do  not  so,  but  prefer  rather 
metallic  salts,  as  copperas  or  iron  chlorides,  are  two : 
In  the  first  place,  the  free  acid  would  set  HsS  free 
in  considerable  quantities ;  and,  secondly,  the  security 
of  the  cesspool  walls  requires  the  application  of  salts 
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rather  than  acids,  which  latter  Would  diasolye  or 
looser,  the  cement. 

But  the,  iron  salts  give  us  another  advantage.  I 
have  frequently  met  with  the  popular  notion  that 
iron  salts,  if  added  to  decaying  substances,  produce 
a  rapid  oxidation.  This  is  certainly  true,  when  used 
under  such  conditions  that  the  air  has  ample  access, 
but  it  is  not  true  under  conditions  as  they  exist  in 
cesspools.  Here  they  act  rather  as  absorbers  of  oxy- 
gen, they  prevent  the  presence  of  free  oxygen  in  the 
mass,  and  thus  bring  about  one  condition  which  en- 
sures the  extermination  of  bacterium  life. 

One  of  the  most  serious  disadvantages  of  the 
faethod  for  the  determination  of  the  relative  effective- 
ness of  disinfectants,  a&  described  above,  is  the  fact, 
that  each  determination  takes  a  considerable  time, 
and  since  quite  a  series  of  determinations  are  neces- 
sary to  finally  determine  the  accurate  value  of  one 
disinfectant,  results  can  be  but  slowly  reached  unless 
one  should  be  in  the  possession  of  a  large  series  of 
such  apparatus. 

I  have  thus  come  to  consider  the  possibility  of 
reaching  the  same  results  in  a  simpler  manner.  How 
I  have  tried  to  accomplish  this  I  shall  describe  below, 
after  I  have  said  a  few  words  on  Bucholtz^s  experi- 
ments, which  were  published  about  one  month 
after  my  first  publication,  and  an  abstract  of  which 
may  be  found  in  the  American  Chemist,  Novem- 
ber, 1875. 

Mr.  Bucholtz  has  taken  the  road,  which  I  consider 
unsafe.  His  method  is  exceedingly  simple.  He  fin^t 
determined  the  antiseptic  properties  of  the  substances. 
This  is  the  most  simple  operation  and  it  was  carried 
out  in  the  same  manner  as  described  by  me  in  my 
former  publication.  Instead  of  using  Cohn^s  fluid,  he 
preferred  Pasteur's. 

A  certain  quantity  of  Pasteur's  fluid  was  mixed  with 
certain  quantities  of  various  disinfectants,  and  then 
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these  mixtures  were  each  infected  with  one  drop  of 
fluid. 

These  mixtures  remained  under  observation  for  sev- 
eral weeks.  Some  of  them  would  become  turbid  from 
the  development  of  bacteria,  others  would  remadn 
clear,  thus  denoting  that  the  amount  of  disinfectant 
applied  was  sufficient  for  the  demonstration  of  the 
antiseptic  properties  of  these  substances. 

Wliile,  according  to  my  own  experiments,  I  had 
found  the  minimum  quantity  of  carbolic  acid  to  be  1 
in  725  parts,  Bucholtz  required  1  in  200  parts. 

Though  my  fluid,  after  infection,  had  remained  in  a 
loosely  covered  bottle  for  more  than  eight  months,  it 
showed  not  the  least  development  of  bacteria,  so  that 
therefore  not  only  the  activity  of  the  bacteria,  which 
had  originally  been  added,  but  also  the  activity  of 
those  which  had  occasion  to  enter  the  fluid  thereafter, 
had  been  readily  arrested. 

The  manipulations  being  the  same,  the  difference 
of  action  must  be  found  in  the  nature  of  the  respective 
liquids  (Cohn^s  and  Pasteur's)  or  the  nature  of  the 
bacteria,  or  in  both  of  these  circumstances  combined. 

That  the  nature  of  the  fluid  can  easily  cause  one  to 
mistake  substances  which  have  neither  antiseptic  nor 
disinfecting  properties  for  such  as  have,  may  be  seen 
in  the  case  of  sodium  salicylate,  where  the  strongly 
acid  reaction  of  Pasteur's  fluid  was  the  cause  that 
Bucholtz  enters  this  substance  aa  an  ^tiseptic. 

For  the  determination  of  the  disinfecting  properties 
of  substances,  he  collects  by  means  of  a  pipette  the 
antisepticized  bacteria  and  transfers  them  to  pure  Pas- 
teur's fluid,  which  is  contained  in  a  test  tube,  the 
mouth  of  which  is  closed  by  a  stopper  of  carbolized 
cotton.  Thus  he  ascertains  the  absence  or  presence 
of  vitality  in  these  organisms. 

The  reasons  why  the  results  thus  obtained  may  be 
deceptive,  I  have  stated  above.  I  found  that  carbolic 
acid,  for  complete  disinfection,  must  be  contained  in  a 
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fluid  in  the  proportion  of  1  to  200  parts.  Bacholts 
states  1  to  25  parts,  but  he  means  here  almost  im- 
mediate effect,  for  he  states  that  1  in  100  parts 
would  produce  the  same  effect,  if  the  action  of 
carbolic  add  was  allowed  to  proceed  for  50  minutes. 
From  this  it  becomes  evident  how  necessary  it  is  for 
experiments  of  this  class  to  be  made  on  a  uniform 
plan,  so  that  the  results  of  others  can  be  easily  utilized. 
For  the  purpose  of  testing  disinfectants  which  are 
non-volatile  and  do  not  absorb  oxygen,  I  propose  now 
to  use  the  following  plan. 


My  apparatus  is  a  Y-shaped  glass  tube  which  is  at 
C  widened  to  a  little  bulb  for  the  purpose  of  hav- 
ing  a  larger  volume  of  available  air.  Into  the  small 
bulb  a,  a  solution,  1  pt.  of  Cohn's  fluid  with  1  pt. 
of  water,  is  brought  by  slightly  heating  the  apparatus, 
and  then  while  it  is  cooling  dipping  the  end  0,  which 
is  drawn  to  a  fine  point,  into  the  mixture  until  enough 
of  the  fluid  has  entered  the  wider  part  of  the  tube. 
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By  proper  inclination  this  may  then  be  transferred  to 
a.  The  bnlb  a  is  then  heated  until  about  one  half  of 
the  fluid  has  passed  off,  when  the  remainder  will  have 
the  concentration  of  normal  Cohn^s  fluid. 

While  this  process  is  going  on,  the  point  c  passes 
into  a  test-tube,  which  is  closed  by  a  stopper  of 
slightly  carbolized  cotton.  The  tube  is  then  allowed 
to  cool,  while  it  remains  in  this  position.  It  is  evi- 
dent that  during  the  process  it  must  fill  with  pure  air, 
provided  that  the  air  in  the  test-tube  is  free  from 
germs.  To  effect  this,  the  test-tube  had  been  pre- 
viously partially  filled  with  water,  which  was  then 
boiled  for  several  minutes  while  being  closed  with 
the  cotton  stopper. 

While  the  cooling  process  of  my  Y-shaped  tubes 
— of  which  several  may  be  passed  at  the  same  time 
through  the  cotton  stopper — ^is  going  on,  the  mixture 
of  putrid  Cohn's  fluid  (first  infusion),  with  various 
quantities  of  disinfectants,  are  prepared,  and  then  a 
few  drops  of  this  mixture,  which  should  be  left 
standing  for  one  hour,  are  made  to  enter  at  <$  in  the 
same  manner  as  described  above  for  the  filling  in  of 
Cohn's  fluid ;  with  the  difference,  however,  that  this 
fluid  is  suffered  to  remain  at  e.  The  tubes  must  be 
removed  from  the  fluid,  before  the  contraction  of  the 
air  inside  is  completed.  This  becomes  necessary,  for 
the  reason  that  the  fluid  shall  have  occasion  to  suffi- 
ciently recede  from  the  under  end  of  c,  which  is  to  be 
immediately  closed  before  a  flame. 

If  this  precaution  be  not  taken,  the  fluid  itself 
might  become  so  heated,  that  this  alone,  without  the 
^id  of  disinfectants,  might  be  sufficient  to  cause  the 
death  of  the  organisms. 

These  tubes  can  remain  under  observation  for  any 
length  of  time. 

The  circulation  of  the  air  inside  can  be  promoted 
considerably  by  slight  differences  of  temperature,  to 
which  the  two  shanks  of  the  tube  may  be  exposed. 
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The  principle  of  this  applicance  is  the  same  as  that 
of  the  other,  viz.:  Determination  of  the  possibility  of 
infection  from  the  air  standing  over  a  putrid  fluid  to 
which  various  quantities  of  disinfectants  have  been 
added. 

A  difference  exists  however  in  so  far  as  in  my  first 
method  I  worked  with  a  large  excess  and  strong  cur- 
rent of  air,  while  here  the  amount  of  air  is  limited. 
As  to  results  which  may  thus  be  obtained,  I  am  not  yet 
prepared  to  report. 

The  special  points  which  are  to  be^determined  are 
as  follows : 

1.  Is  there  any  difference  in  the  results  which  may 
be  obtained  by  my  original  method  and  the  one  now 
proposed. 

2.  How  are  the  results  influenced  by  the  use  of  Pas- 
teur's and  Cohn's  fluid  respectively. 

3.  How  do  the  results  obtained  by  the  use  of  Pas- 
teur's fluid  with  this  method  compare  with  Bucholtz's. 

4.  Action  of  disinfectants  on  different  species  of 
bftcteria. 

The  experiments  described  a1x)ve  are  founded  on 
the  belief  that  the  bacteria  themselves  must  be  con- 
sidered as  the  final  cause  of  disease. 

Whether  they  act  now,  as  some  physicians  hold,  me- 
chanically, or  whether  the  chemical  changes  which 
they  produce  in  the  constituents  of  the  body  impart 
or  constitute  disease,  the  action  of  substances,  which 
we  class  as  disinfectants,  on  the  bacteria,  remains  of 
equal  importance. 

For  practical  application  however  it  must  be  always 
considered,  that  it  is  not  only  the  organic  living  mass, 
which  comes  in  contact  with  tlie  disinfectants,  but 
many  other  Bul>8tances,  which,  if  they  possess  aflfinitics 
for  them,  will  partly  form  combinations  which  must 
occasionally  destroy  the  efficacy  of  considerable 
quantities  of  the  disinfectants. 

In  using  disinfectants  with  the  view  of  attaining 
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practical  results,  the  quantities  to  be  taken  are  gov- 
erned by  the  composition  of  the  material  to  be  dis- 
infected. 

Oar  ordinary  methods  of  disinfection  seem  to  be 
fully  equal  to  the  demand,  yet  there  are  customs 
which  I  consider  entirely  unwarranted,  if  we  com- 
pare them  with  the  results  of  the  described  experi- 
ments. I  refer  here  to  the  use  of  carbolic  acid  for 
the  impregnation  of  the  air  in  sick  rooms. 

The  only  good  which  I  can  see,  as  arising  from  this 
custom,  is,  that  strangers,  getting  the  smell  of  carbolic 
acid,  will  be  on  their  guard,  take  the  hint,  and  speedily 
leave  the  place. 

For  practical  application,  it  may  therefore  be  not 
entirely  useless. 

After  I  have  now  spoken  on  the  manner  and  ex 
plained  the  methods,  by  which  we  might  hope  to  ar- 
rive at  definite  results,  it  might  appear,  that  perhaps 
nothing  was  more  natural  than  to  proceed  in  this 
manner,  but  looking  over  our  literature  one  would  be 
sadly  disappointed.  For  the  purpose  of  showing  how 
various  authors  have  tried  to  arrive  at  some  conclusion 
regarding  the  value  of  disinfectants,  I  will  add  there- 
fore a  few  words. 

Fleck  proposed  in  1878  to  ascertain  the  disinfecting 
properties  of  substances  by  ascertaining  the  reducing 
power  on  an  alkaline  silver  solution,  of  a  putrid  fluid, 
which  had  been  treated  with  various  disinfectants. 

Taking  into  consideration  that  perfectly  harm- 
less substances  may  thus  reduce  silver,  it  becomes 
evident  that  no  value  attaches  to  the  results  he  ob- 
tained. 

That  he  used  an  alkaline  silver  solution  for  the  pur- 
pose of  measuring  the  reducing  power  of  the  resulting 
fluids  instead  of  a  permanganate  solution,  which  we 
use  im  water  examinations,  was  perhaps  due  to  his 
desire  to  have  a  method  of  his  own.  No  doubt  the 
permanganate  test  is  of  little  value,  as  in  no  cas«  does 
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it  allow  one  to  guess  eren  at  the  quantity  of  the  or- 
ganic substance  present,  and  less  yet  at  its  quality, 
unless  another  direct  determination  of  the  organic 
substance  goes  hand  in  hand  with  the  first.  Perman- 
ganic acid  like  chromic  acid  carries  the  oxidation, 
under  the  circumstances  here  given,  to  a  certain  point 
only :  the  latter,  for  instance,  may  be  boiled  for  sev- 
eral hours  with  pure  diluted  aoetic  acid,  without  giv- 
ing up  any  of  its  oxygen. 

Of  a  peculiar  nature  are  Grace  Calvert's  publications. 
He  invariably  comes  to  the  conclusion  that  there  are 
no  true  antiseptics  or  disinfectants  but  carbolic  acid 
and  similar  substances  from  the  tar  series,  and  his  ex- 
periments seem  ail  to  be  just  fitted  to  the  purpose  of 
discrediting  the  disinfecting  properties  of  almost  every- 
thing else.  In  the  first  place,  he  has  been  very  un- 
lucky in  the  selection  of  the  fluids  which  were  to 
be  disinfected:  this  in  one  case  was  starch  paste; 
in  another,  albumen.  Albumen  I  consider  as  the 
least  suitable  material,  since  it  is  a  fact  that  it  com- 
bines with  almost  all  our  disinfectants,  and  thus 
destroys  to  a  great  extent  their  efiScacy,  especially  those 
of  the  metallic  salts. 

Secondly,  his  intention  was  not  the  determination  of 
the  disinfecting  but  rather  the  antiseptic  properties  of 
the  various  substances,  and  to  this  end  he  did  not  try 
to  find  the  minimum  quantity  of  the  disinfectants 
which  were  required  for  the  manifestation  of  this,  but 
he  used  a  minimum  quantity,  1  :  1000,  and  noted  the 
time  when  vegetable  life  appeared.  The  infection  was 
to  come  from  the  outside  air  with  which  the  contents 
of  the  open  test-tubes  were  in  constant  communication. 
But  how  long  under  such  circumstances  can  substan- 
ces like  sulphurous  acid  or  anunonia  be  retained  in 
the  albumen  solution  ?  How  long  can  soda  or  potash 
remain  uncombined  with  carbonic  acid  ?  How  long 
can  sulphuric  or  nitric  add  remain  uncombined  with 
ammonia? — especially  if  the  appearance  of  fungi  is 
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noted  only  after  more  than  a  fortnight.  All  these 
snbetances  cannot  produce  lasting  effects. 

Moreover,  his  experiments  prove,  that  the  solution  of 
albumen  does  not  afford  a  good  foundation  for  the 
growth  of  bacteria,  that  thei^  is  something  wanting  in 
the  composition  of  this  substance,  so  that  the  addition 
of  certain  substances  helps  to  foster  rather  than  to  de- 
stroy the  life  of  bacteria  (nitric  acid).  While  in  pure 
albumen  solution  fungi  appeared  within  eighteen  days, 
and  yibriones  within  twelve,  after  the  addition  of 
1-1000  of  nitric  add  both  appeared  within  ten  days. 
We  know  tery  well  that  nitric  acid  is  a  disinfectant 
and  antiseptic,  but  }f  we  should  make  deductions  from 
these  results,  we  would  come  to  the  conclusion  that 
nothing  was  less  so. 

From  his  results,  I  could  give  you  numerous  ex* 
amples  where,  under  these  circumstances,  it  was  folly 
to  expect  reliable  results.  That  under  these  circum- 
stances carbolic  acid  and  cresyUc  acid,  with  their 
slight  affinities  for  either  bases  or  acids,  and  their 
high  boiling  points,  which  prevent  loss  by  evaporation, 
must  gain  the  prize  is  evident. 

I  do  not  deny  that  carbolic  acid  and  the  tar  acids 
are  true  antiseptics  and  disinfectants,  and  that  they 
stand  at  or  near  the  head  of  the  substances  for  which 
these  properties  are  elaimed;  but  I  deny  that  the 
manner  in  which  the  experiments  were  made  can  give 
us  a  clue  to  the  antiseptic  properties  of  any  of  the 
rest. 

And  though  he  claims  that  none  but  carbolic  acid, 
etc,  are  antiseptics,  he  has  proved  no  more  than  that 
the  quantities  of  the  other  antiseptics  were  not  suffi- 
cient for  the  purpose  of  demonstrating  their  proper- 
ties. Thus  his  investigations  have  no  scientific  bear* 
Ing.  They  would  have  a  practical  end  if  the  disin- 
fectants had  been  applied  in  quantities  representing 
the^ame  market  value. 

I  have  to  speak  yet  of  a  very  remarkable  series  of 
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experiments  by  the  same  author.  Meat  is  infected  by 
the  germs  from  the  air ;  to  protect  meat,  antiseptics 
are  required.  He  now  pours  a  layer  of  his  antiseptic 
at  the  bottom  of  a  wide  flask,  and  then  suspends 
pieces  of  meat  on  iron  wires  above  them.  The  meat 
became  sooner  or  later  infected,  and  putrified,  except- 
ing in  the  cases  where  he  had  applied  volatile  anti- 
septics (carbolic  and  cresylic  acids).  In  these  cases 
the  meat  dried  to  a  hard  mass  without  showing  even 
incipient  putrefaction  at  any  time. 

How  one  could,  under  these  circumstances,  expect 
potassium,  permanganate,  cbloralum,  or  zinc  chloride 
to  act,  I  cannot  understand ;  yet  tips  was  done  by  ^fi. 
Calvert 

I  have  been  compelled  to  notice  these  papers,  be- 
cause they  were  considered  as  the  most  reliable  inves- 
tigations, and  they  have  frequently  been  the  founda- 
tion for  statements  and  also  experiments  which  were 
modeled  according  to  the  general  principle,  with, 
however,  insignificant  modifications. 

While  Calvert  styled  his  results  what  they  actually 
were,  "  Experiments  to  determine  the  efficacy  of  anti- 
septics,*' his  followers  went  one  step  further  and 
denominated  their  experiments  as  those  intended  to 
show  the  relative  effectiveness  of  disinfectants. 

Whether  this  was  due  to  a  want  of  properly  under- 
standing the  difference  of  antiaeptic  and  disinfecting 
action,  or  whether  they  were  considered  by  these 
authors  as  standing  always  in  a  certain  relation,  I  can- 
not decide. 

That  the  latter  is  not  the  case  becomes  evident  from 
Bucholtz's  publication. 

In  urging  this  subject  before  the  American  Chemi- 
cal Society,  I  have  in  view  to  lead  scientific  research 
in  this  direction,  and  at  the  same  time  to  show  how 
results  may  be  obtained. 

It  is  a  peculiar  fact,  that  this  part  of  science,  not- 
withstanding its  importance,  had  so  far  at  least  not 
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the  sympathy  of  the  scientists,  and  this  is  certainly 
partly  to  be  found  in  the  backwardness  of  reliable 
botanical  observations. 

How  sorely  a  revolution  in  this  part  of  science  is 
needed  can  easily  be  imagined  by  looking  over  our 
literature,  even  as  far  as  1875  (Th.  Fischer,  Abfall- 
stofFe,  etc). 

^As  to  the  propositions  I  have  made,  I  may  be 
wrong,  and,  if  proved  so,  I  am  willing  to  acknowledge 
it. .  I  did  not  intend  and  cannot  put  before  you  in 
this  entirely  new  field  positive  truths  as  yet,  but  I 
desired  to  bring  the  plan  before  you,  hear  your 
opinions,  and  find  co5peration  in  the  large  work  be- 
fore us. 


ly. — On  the  Ahaloakation  of  Iron  Ain>  of  Sohb 

Other  Metals. 

bt  f.  ga8amaj0r. 

(  Bead  Jime  1, 1879.) 

At  the  last  meeting  of  this  Society  I  was  to  speak  to 
you  on  amalgamation  of  iron,  but  was  prevented  by 
the  lateness  of  the  hour  from  reading  the  paper  I  had 
ready  for  you.  Since  that  evening  I  have  learned  a 
great  many  things  about  iron  amalgam,  one  of  which 
is  that  most  of  the  processes  I  was  to  describe  had 
already  been  published,  although  in  a  very  succinct 
form,  about  nineteen  years  ago.  This  discovery 
would  have  prevented  me  from  appearing  before  you 
to-night,  if  I  had  not  found  that  the  subject  is  deemed 
by  chemists,  to  whom  I  have  shown  samples  of  amal- 
gamated iron,  to  be  not  only  new  but  very  interesting. 
I  have,  besides,  much  new  matter  to  communicate, 
among  which  is  a  new  process  for  amalgamating  iron, 
which  is  so  simple  and  economical  that  all  the  other 
processes  are  rendered  obsolete  and  useless. 

That  iron  will  combine  with  mercury  is  known  to 
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all  chemists,  although  it  is  not  deemed  an  easy  opera- 
tion, and  we  may  find  in  the  books  seyeral  processes 
for  accomplishing  the  combination.  One  of  these, 
which  I  believe  is  due  to  Sir  Humphry  Dayy,  consists 
in  immersing  sodium  amalgam  in  a  saturated  solution 
of  ferrous  chloride  or  sulphate.  In  another  process 
zinc  amalgam  is  brought  in  contact  with  iron  filings  in 
presence  of  a  solution  of  ferric  chloride.  The  filings 
become  coated  with  mercury.  In  still  another  pro- 
fess the  electrolysis  of  ferrous  sulphate  gires  iron 
amalgam  when  the  negative  electrode  is  formed  of 
mercury.  By  subjecting  the  resulting  amalgam  to 
enormous  pressures,  a  residuum  of  pretty  firm  consis- 
tency is  obtained,  which  is  composed  of  about  equal 
parts  of  iron  and  mercury. 

The  processes  of  amalgamation,  which  I  am  to  de- 
scribe to  you  this  evening,  give  products  which  have 
nothing  in  common  with  these  iron  amalgams.  The 
samples  of  iron  amalgams,  such  as  I  have  here,  are  ob- 
tained from  commercial  wrought  iron,  from  cast  iron, 
and  from  steel,  without  altering  the  original  shape  of 
the  material,  and  are  analogous  to  the  amalgam  made 
from  commercial  asinc,  which  we  use  in  voltaic  batteries. 
Before  giving  you  the  results  of  my  labors,  I  must 
give  you  a  succinct  account  of  the  researches  of  Cail- 
letet,  which  came  to  my  knowledge  as  follows : 

Before  presenting  myself  before  you  at  the  last 
regular  meeting,  it  had  been  my  endeavor  to  ascertain 
whether  the  results  I  was  to  announce  were  really  new. 
Neither  by  my  own  exertions,  nor  by  inquiry  from 
other  chemists,  had  I  been  able  to  discover  that  I  had 
been  forestalled,  and,  had  I  confined  my  attention  to 
iron,  I  would  not  have  been  aware,  perhaps,  even  now, 
of  the  existence  of  a  prior  claimant. 

Having  turned  my  attention  to  aluminium,  I  had 
occasion  to  consult  Watts^  Dictionary  of  Chemistry  on 
the  subject  of  aluminium  amalgam,  and  came  across 
the  following :  ; 
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"According  to  Cailletet  {CampUi  Bendui^  yol. 
xliv.,  1250),  alaminium  (also  iron  and  platinum)  may 
be  superficially  amalgamated  by  contact  with  ammo- 
nium 0]r  sodium  amalgam  and  water,  also  when  it  is 
immersed  in  acidulated  water  in  contact  with  metallic 
mercury,  forming  the  negative  electrode  of  a  voltaic 
battery." 

On  consulting  the  44th  volume  of  Comptea  BenduB^ 
I  found  at  p.  1260  a  memoir  presented  to  the  Academy 
of  Sciences  by  Messrs.  Chevreul  and  Dumas,  at  the  sitr 
ting  of  June  15th,  1857,  the  title  of  which  h&,  Onthe 
infiuenee  of  ruueent  hydrogen  on  amdlgcHnationf  by  M. 
L.  Cailletet 

The  author  uses  ammonium  amalgam,  with  which 
he  agitates  pieces  of  iron,  aluminium  or  platinum,  and 
he  &idB  that  these  metals  become  coated  with  mer* 
cury.  The  amalgam  of  sodium  produces  the  same 
effect,  only  water  is  necessary  to  the  reaction.  If  the 
surface  of  the  sodium  amalgam  is  covered  with  naph- 
tha no  action  takes  place,  but  one  drop  of  water  is 
sufilcient  to  produce  the  desired  effect 

If  in  a  vessel  containing  mercury  and  acidulated 
water,  we  place  the  electrodes  of  a  battery,  and,  if  the 
negative  electrode  be  a  piece  of  sheet  iron  in  contact 
with  mercury,  the  iron  will  be  amalgamated  as  soon 
as  hydrogen  appears  on  this  electrode. 

From  these  experiments,  Cailletet  concludes  that 
amalgamation,  in  these  cases,  is  due  to  nascent  hydro- 
gen ;  and  he  seems,  throughout  his  memoir,  to  be  so  in- 
tent upon  proving  this  point,  that  every  other  circum- 
stance is  mentioned  in  the  most  cursory  manner.  We 
may  be  allowed  to  doubt  whether,  by  covering  sodium 
amalgam  with  naphtha,  so  that  when  iron  comes  in 
contact  with  the  amalgam  it  is  already  covered  with 
a  film  of  naphtha,  we  have  placed  the  iron  in  the  best 
condition  to  combine  it  with  mercury ;  and  whether 
the  non -combination  under  these  circumstances  is 
very  conclusive  of  the  necessity  of  nascent  hydrogen 
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to  determine  the  combination  between  iron  and  mer- 
cury. 

The  following  experiment  with  a  mercuric  salt  car- 
ries more  weight  with  it  The  author  wiahes  to  show 
that  amalgamation,  in  the  case  of  iron  and  platinum, 
is  due  to  nascent  hydrogen,  and  not  to  the  electrical 
condition  of  the  iron  or  platinum  electrode.  He  takes 
the  case  of  the  electrolysis  of  salts  of  copper,  silver, 
and  mercury,  and  recalls  that,  at  the  negative  electrode, 
we  obtain  metallic  copper,  silver,  and  mercury,  but  no 
hydrogen.  If  we  have  a  salt  of  mercury  subjected  to 
a  voltaic  current,  the  negative  electrode  being  made  of 
iron  or  platinum,  we  may  notice  after  awhile  that  glob- 
ules of  mercury  appear  on  this  electrode,  but  they 
show  no  tendency  to  combine  with  it  If  now  the 
electrodes  are  withdrawn  from  the  mercury  salt,  and 
placed  in  a  vessel  holding  acidulated  water,  as  soon 
as  the  voltaic  current  passes,  and  hydrogen  escapes  at 
the  negative  electrode,  the  globules  of  mercury  spread 
on  this  electrode,  and  it  becomes  amalgamated. 

The  above  account  of  the  memoir  presented  by 
Cailletet  contains  substantially  everything  there  is  in 
it  The  circumstance  mentioned  in  Watts*  Dictionaiy, 
that  the  amalgamation  obtained  on  iron  and  platinum 
is  merely  superficial  does  not  appear,  even  by  implica- 
tion, in  the  original  paper. 

Amalgam  of  sodium,  and  ammonium,  and  the  vol- 
taic battery — these  are  the  agents  mentioned  by  Cail- 
letet ;  these  were  also  the  agents  that  I  used  a  month 
ago  to  determine  the  combination  of  iron  with  mer- 
cury. Although  I  now  use  a  much  simpler  and  a 
cheaper  process,  which  I  propose  to  describe  in  a  few 
minutes,  there  are  some  points  in  connection  with  the 
alkaline  amalgams,  and  with  the  action  of  the  voltaic 
current,  which  may  be  studied  with  advantage. 

Amalgam  of  potassium,  which  I  first  used  for  amal- 
gamating iron,  behaves  in  every  way  like  amalgam 
oi  sodium ;  sodium,  however  behaves  somewhat  differ- 
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ently  from  potassium  towards  mercury,  the  combina- 
tion with  sodium  taking  place  with  greater  violence, 
being  accompanied  by  a  flash  of  sodium  light  and  the 
escape  jof  alkaline  vapors  which  are  far  from  agreeable. 
These  unpleasant  manifestations  may  be  reduced  to  a 
minimum  by  combining  sodium  at  first  with  a  very 
small  quantity  of  mercury,  a  quantity  not  more  than  a 
fifth  of  the  weight  of  the  sodium.  This  gives  rise  to 
a  violent  reaction,  but  subsequent  additions  of  mer- 
cury produce  less  and  less  effect,  while,  by  bringing 
small  pieces  of  sodium  sucessively  into  a  comparative- 
ly large  mass  of  mercury,  every  fresh  piece  of  sodium 
produces  the  same  effect  as  its  predecessor. 

If  the  sodium  amalgam  has  sodium  enough  in  it  to 
make  it  pasty,  it  will  cover  iron  with  a  silvery  coat. 

This  coat  may  be  rubbed  off,  leaving  the  oxidized 
surface  unaltered.  If  brought  in  contact  with  water, 
or,  still  better,  with  a  solution  of  sal-ammoniac,  the 
sodium  amalgam  is  decomposed,  and  the  mercury  will 
sink  into  the  iron.  If  the  sodium  amalgam  is  liquid, 
it  will  adhere  in  little  drops  all  over  the  surface  of  a 
piece  of  iron  shaken  up  in  it ;  by  the  action  of  water, 
of  acids,  or  of  sal-amm6niac,  the  droplets  will  spread 
on  the  iron,  whic^  will  become  amalgamated. 

Ammonium  amalgam  will  give  up  its  mercury  to 
iron  when  rubbed  up  with  it  very  persistently.  Even 
then  there  are  in  every  piece  of  iron,  certain  spots 
where  the  mercury  will  not  adhere.  The  intervention 
of  acidulated  water,  by  decomposing  ammonium  am- 
algam with  great  energy,  facilitates  the  amalgamation 
of  iron  in  these  difficult  portions. 

From  the  foregoing  remarks,  you  will  understand 
that  the  maximum  of  good  effect  may  be  obtained 
from  a  certain  amount  of  sodium  by  the  following 
method  of  procedure,  while  the  combination  of  iron 
with  mercury  is  very  thorough  and  rapid. 

We  take  four  porcelain  dishes  and  place  them  in  a 
row,  so  that  the  piece  of  iron  to  be  amalgamated  may 
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he  placed  successively  in  each.  The  first  dish  con- 
tains a  liquid  sodium  amalgam ;  the  second,  a  solution 
of  sal-ammoniac;  the  third,  water  acidulated  with 
either  sulphuric  or  hydrochloric  acid ;  and  the  fourth, 
aqueduct  water.  The  piece  of  iron  to  be  amalgam- 
ated is  taken  up  with  tongs,  and  agitated  in  contact 
with  the  sodium  amalgam  of  the  first  dish.  This 
operation  covers  it  with  liquid  mercury  containing 
sodium  amalgam.  When  the  surface  seems  sufi[iciently 
coated,  the  iron  is  left  for  a  few  seconds  in  the  solu- 
tion of  sal-ammoniac,  on  emerging  from  which,  it  is 
found  covered  with  the  curious  and  interesting  com- 
pound which  we  call  ammonium  amalgam.  The 
piece  of  iron  is  placed  next  in  the  acidulated  water, 
and  finally  in  aqueduct  water  to  wash  off  the  acid. 

This  series  of  operations  is  generally  sufficient  to 
leave  a  good  coat  of  mercury  on  a  piece  of  iron.  If 
there  should  be  spots  left  bare,  a  second  series  of 
immersions  is  generally  sufficient  to  leave  the  surface 
perfectly  covered.  I  need  not  say  that  the  surface  of 
the  iron  must  be  previously  made  clean  by  immersion^ 
in  diluted  acid. 

By  making  the  negative  electrode  of  a  voltaic  battery 
of  iron,  and  placing  it  in  contact  with  mercury  and 
with  acidulated  water,  the  iron  will,  after  a  time  become 
amalgamated.  I  have  obtained  the  same  result  by  a 
single  voltaic  element,  the  positive  plate  of  which  is 
a  piece  of  zinc,  and  the  negative  plate  a  piece  of  iron, 
one  portion  of  which  is  in  contact  with  mercury  at 
the  bottom  of  the  cup,  the  exciting  fluid  being  acidu- 
lated water.  An  addition  of  chloride  of  sodium  to 
the  liquid  in  the  cup  seems  to  hasten  the  reaction. 

Iron  may  be  amalgamated,  also,  by  the  use  of  zinc 
amalgam.  This  process  gives  the  best  results,  and 
renders  superfluous  all  the  other  processes  we  have 
mentioned.  The  use  of  zinc  amalgam  for  the  purpose 
had  been  attempted  before,  as,  for  instance,  in  the 
process  I  have  mentioned  where  iron  filings  are  rubbed 


S3 

with  zinc  amalgam,  in  presence  of  a  solution  of  fer- 
ric chloride,  the  reaction  being  assisted  by  heat  I 
also  find  in  Watts*  Dictionary  that  ''According  to 
Aikin,  iron  amalgam  is  formed  by  the  action  of  zinc 
amalgam  on  ferrous  chloride/^  No  particulars  are 
g^ven  about  this  process,  but  the  results  must  have 
been,  to  say  the  least,  difficult  to  obtain,  as  we  find 
immediately  after,  that,  ''according  to  Damour,  it 
cannot  be  obtained  in  this  way." 

I  came  upon  the  process  I  am  about  to  describe  by 
a  mere  chance.  I  was  trying  to  test  the  soundness  of 
the  theory  of  Cailletet  which  attributes  the  amalgam- 
ation of  iron  to  the  presence  of  nascent  hydrogen. 
In  a  beaker  glass  I  had  placed  mercury,  and,  over  it, 
acidulated  water,  and,  also,  a  horse-shoe  nail  of  Nor- 
way iron,  which  rested  on  the  mercury.  A  moderate 
escape  of  hydrogen  took  place  from  the  surface  of 
the  iron  nail,  but,  after  twenty-four  hours,  no  trace  of 
amalgamation  had  appeared,  which  showed  very 
conclusively  that  unassisted  nascent  hydrogen  was 
certainly  not  sufficient  to  do  the  work. .  Haying  to 
amalgamate  a  small  piece  of  zinc  for  another  experi- 
ment, I  found  that  I  had  no  other  mercury  within 
my  reach  than  the  one  on  which  the  nail  of  Norway 
iron  rested.  As  I  had  given  up  hopes  of  accomi^lish- 
ing  anything  by  this  arrangement,  I  had  no  scruple 
to  use  the  mercury  in  this  beaker  glass,  and  in  it  I 
placed  my  piece  of  zinc.  The  result  was  that  the 
escape  of  hydrogen  from  the  nail  increased  very  per- 
ceptibly, which  circumstance  induced  me  to  leave  the 
zinc  in  the  mercury.  On  looking  again  at  the  nail, 
I  found  it  amalgamated,  and  partly  sunk  into  the 
mercury. 

To  amalgamate  iron  with  zinc  amalgam,  mercury 
should  be  placed  in  a  vessel  and  covered  with  dilute 
sulphuric  or  hydrochloric  acid.  If  now  a  piece  of 
iron  is  agitated,  in  contact  with  the  mercury  an4  the 
acid,  no  combination  will  take  place,  but  if  pieces  of 
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zinc  are  placed  in  the  mercury,  in  a  few  minutes,  iron 
placed  in  the  above  conditions  "will  become  coated 
with  merciuy.  If,  after  a  while,  the  power  of  the 
mercury  seems  to  decline,  more  zinc  must  be  added. 
The  zinc  is  only  attacked  when  iron,  or  some  other 
metal  more  electro-negative  than  zinc,  is  brought  in 
contact  with  the  zinc  amalgam  and  the  acid,  so  that 
the  expense  in  zinc  is  very  slight 

The  coat  of  mercury  left  on  iron  by  the  various 
agencies  I  have  mentioned  is  not  a  superficial  layer, 
for  the  mercury  sinks  into  the  metal,  modifying  its 
physical  and  chemical  properties.  In  the  case  of 
pure,  soft  iron,  it  is  difficult  to  notice  any  decrease  of 
tenacity  after  amalgamation.  With  hard  tampered 
steel,  however,  the  increased  brittleness  is  very 
marked.  In  the  case  both  of  iron  and  steel,  a  fresh 
fracture  shows  that  mercury  has  penetrated  deeply 
into  the  metaL 

Of  the  chemical  change  operated  on  iron  by  amal- 
gamation, I  can  call  attention  to  only  one  point, 
which  is  the  analogy  which  exists  with  the  properties 
of  zinc  amalgam.  When  a  piece  of  zinc*  has  been 
amalgamated,  it  is  not  attacked  by  acids  as  readily  as 
zinc  free  from  mercury,  but  if  a  piece  of  amalgamated 
zinc  is  connected  to  a  piece  not  amalgamated,  the 
amalgamated  zinc  becomes  the  positive  plate  in  a  vol- 
taic couple.  These  properties  of  amalgamated  zinc 
are  found,  although  in  a  less  degree,  in  amalgamated 
iron.  Two  pieces  of  sheet  iron,  presenting  exactly  the 
same  surface,  were  placed  in  diluted  sulphuric  acid,  so 
that  the  action  of  the  acid  was  exactly  the  same  on 
each.  One  of  these  plates  was  amalgamated,  the 
other  not.  After  prolonging  the  action  for  over  two 
hours,  it  was  found  that  the  amalgamated  plate  had 
lost  twO'thirds  as  much  in  weight  as  the  other. 


*  This  observation  relates  to  impure  zinc.    Amalgamation  makea 
impure  sine  behave  towards  acids  Uke  pore  Kino. 
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This  is  more  easily  noticed  with  steel  than  pore, 
soft  iron. 

If,  howerer,  two  pieces  of  iron,  one  amalgamated 
and  the  other  not,  are  connected  by  a  metallic  wire, 
the  amalgamated  plate  is  attacked,  and  the  other  plate 
plays  the  part^of  a  negative^ 

In  iron  amalgam  made  in  the  way  I  have  described, 
the  quantity  of  mercury  in  combination  is  very  small. 
A  piece  of  sheet  iron  presenting  on  both  sides  a  total 
surface  of  three  square  inches,  was  amalg^amated  and 
left  to  soak  in  mercury  for  over  an  hour.  The  mercury 
was  then  wiped  off  very  thoroughly  and  the  piece  of 
sheet  iron  weighed.  The  increase  over  the  ori^boal 
weight  was  13  centigrammes,  which  showed  an  ab- 
sorption of  mercury  equal  to  a  little  over  4  centi- 
grammes per  square  inch.  The  increase  of  weight  in 
this  thin  sheet  of  iron  was  only  8i  per  cent.  Still  in 
this  sheet  the  fracture  was  silvery  and  globules  of 
mercury  stood  on  the  rough  edge  of  the  fracture. 

For  the  sake  of  comparison,  I  treated  a  piece  of 
sheet  zinc  of  the  same  dimensions  in  the  same  manner, 
leaving  it,  however,  only  a  few  minutes  in  contact 
with  mercury.  After  rubbing  off  the  excess  of  mer- 
cury  and  weighing,  I  was  surprised  to  find  a  loss 
instead  of  a  gain  in  weight.  This  was  doubtless  due 
to  a  certain  quantity  of  zinc  being  dissolved  by  the 
mercury. 

I  must  now,  to  fulfil  the  programme  offered  by  the 
title  of  this  paper,  speak  to  you  of  the  amalgamation  of 
some  other  metals,  by  which  are  meant  some  of  those 
whose  point  of  fusion  is  very  high  and  which  have 
always  shown  themselves  exceedingly  adverse  to  com- 
bining with  mercury.  Those  that  I  have  tried  are 
platinum,  palladium,  aluminium,  nickel,  and  cobalt. 
Except  in  the  case  of  aluminium,  there  seems  nothing 
of  peculiar  interest  to  notice  about  their  amalgams 
after  what  has  been  said  of  iron  amalgam.  These 
metals  all  take  mercury  very  readily  by  tiie  processes 
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wfaich  are  effective  in  the  case  of  iron.  Aluminium 
deseryes  mention  on  account  of  its  eccentric  behayior. 
It  seems  to  take  mercury  in  the  same  manner  as  the 
other  metals,  but  shortly  after  being  taken  out  and 
dried  it  becomes  very  hot,  the  mercury  seems  to  boil 
and  the  aluminium  remains  covered  Vith  a  chalky 
crust.  On  brushing  this  ofE  the  metal  is  found  be- 
neath without  a  sign  of  amalgamation. 

In  conclusion,  I  will  point  out  that  two  inquiries 
suggest  themselves  in  connection  with  these  amalgams. 
One  relates  to  the  determining  cause  of  these  combi* 
nations,  and  the  other  is  whether  these  amalgams, 
particularly  amalgam  of  iron,  can  be  applied  to  use- 
ful purposes.  To  both  these  questions  the  answer  is 
that  I  have  nothing  satisfactory  to  offer,  although  great 
many  things  suggests  themselves  as  plausible.  I  am 
sure  you  will  readily  excuse  me  from  presenting 
theories  that  are  merely  plausible,  as  to  the  cause  of 
these  phenomena,  and  feel  equally  certain  that  I  need 
offer  no  apology  to  this  enlightened  auditory  for  calling 
their  attention  to  these  combinations  of  mercury  with 
iron  and  other  metals  because  these  have  not  yet  be- 
come of  practical  utility,  although  it  may  be  befitting 
to  offer  an  apology  for  the  manner  in  which  the  task 
has  been  perf  ondbd. 

V.^On  TUB  Genbbaii  Oocurrencb  of  VAKADroii  IN 

Ambuican  MaonbTitbs. 

bt  i6idor  walz,  fh.d. 

(Bead  Jane  1,1S7<L) 

A  8BABCH  of  chemical  literature  shows  but  very 
few  recorded  observations  of  the  occurrence  of  van- 
adium in  this  country.  Teschemacher  *  found  vanadic 
acid  in  crusts  covering  the  native*  copper  at  Lake 
Superior,  and  Dr.  A.  A.  Hayes  f  proved  that  vanadium 

^  Am.  Jonrn.  Sd.  11.,  xi.  288. 

t  Proceedings  Amer.  Aond.  (BoetonX  Jan.  IS,  1875. 
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was  widely  distributed,  occtming  generally,  though 
bat  in  minnte  qoantities,  in  porphyritic  and  slate 
rocks,  natural  waters,  etc.  In  the  paper  cited  he  con- 
firms the  correctness  of  Teschemacher's  obeerration, 
and  also  alludes  incidentally  to  a  hrowa  ferric  and 
euprie  ore,  occurring  in  a  chalcedonic  rock  in  the 
Tinctic  district,  Utah,  in  which  vanadium  was  found. 
I  learn  by  a  private  communication  from  Prof.  O.  A. 
Eoenig,  Ph.D.,  of  Philadelphia,  that  last  fall  he  an- 
nounced to  the  Philadelphia  Academy  of  Sciences,  in 
a  preliminary  communication,  that  he  had  found 
vanadium  in  schorlamite,  perowskite  and  a  number  of 
minerals  from  Magnet  Cove,  Ark.,  among  which  there 
was  also  a  magnetic  iron  ore.  This  communication 
has  not  yet  appeared  in  print.  Prof.  F.  A.  Genth  is  also 
about  to  publish  the  analyses  and  descriptions  of  two 
new  vanadium  minerals  from  California.  The  above- 
mentioned  observations  are  all  that  I  have  been  able 
to  find,  bearing  on  the  occurrence,  in  this  country, 
of  vanadium  in  general,  and  in  iron  ores  more  par- 
ticularly. 

The  facts  which  I  am  about  to  communicate  seem 
to  prove  that  one  very  general  occurrence  of  vanadium 
in  this  country  has  hitherto  been  entirely  overlooked, 
namely,  that  in  magnetic  iron  ores,  in  which  it  exists 
sometimes  in  quantities  which  are  not  inconsiderable 
in  view  of  the  generally  assumed  sparse  distribution 
of  this  element 

As  one  of  the  reasons  why  it  has  been  overlooked 
is  perhaps  to  be  found  in  the  not  very  simple  methods 
proposed  and  in  use  for  the  demonstration  and  esti- 
mation of  vanadium,  I  beg  leave  to  submit,  first,  the 
method  which  I  resorted  to,  and  which  gives  positive 
results  even  when  only  very  minute  quantities  are 
present 

QUALITATrVE  SXAMIITATION. 

One  g^ramme  of  the  finely-powdered  and  bolted 
ore  is  fused  in  a  porcelain  crucible  with  6  grms.  of  a 
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mixture  of  equal  parts  of  anhydroua  aodium  carbonate 
and  sulphur.  The  fused  mass  is  treated  with  water 
and  filtered,  and  the  filtrate  acidulated  with  hydro- 
chloric acid.  According  to  the  quantity  of  sulphide 
of  vanadium  present,  the  sulphur  precipitate  is  of  a 
light  to  very  dark  chocolate  color ;  but  even  if  it  is 
not  discolored  it  will  be  advisable  to  continue  the 
examination.  The  precipitate  is  allowed  to  settle  and 
filter  through  the  smallest  possible  filter  of  the  best 
quality  of  Swedish  filtering  paper ;  the  precipitate  is 
washed,  dried  at  100°  C,  the  sulphur  extracted  by 
means  of  carbon  disulphide,  and  the  filter  dried  again. 
After  the  treatment  with  carbon  disulphide,  a  dark 
residue  of  vanadium  sulphide  is  in  nearly  all  cases 
left  on  the  filter,  and  it  is  generally  contaminated  by 
minute  quantities  of  titanic  acid,  when  the  ore  is 
titaniferous,  and  of  silica.  The  dried  filter  is  taken 
out  of  the  funnel,  spread  out,  and  every  part  to  which 
no  precipitate  adheres  is  cut  away  with  the  scissors ; 
all  the  vanadium  sulphide  that  can  be  detached  is  col- 
lected in  a  very  small  porcelain  crucible,  and  the  rest 
burned,  with  the  filter,  in  a  platinum  spiraL  The  van- 
adium sulphide  is  thus  oxidized  to  vanadic  add,  and 
care  should  be  taken  not  to  allow  the  mass  to  fuse  on 
to  the  platinum  wire.  The  filter  ashes  are  subdivided 
into  about  four  equal  parts,  two  of  which  are  used 
for  the  blowpipe  reactions  (phosphate  and  borax 
bead).  The  titanic  and  silicic  acids  present  some^ 
times  interfere  with  the  distinctness  of  the  blowpipe 
tests,  though  generally  I  obtained  quite  satisfactory 
results.  In  case  the  quantity  of  vanadium  sulphide 
was  too  minute  to  have  allowed  of  detaching  any 
from  the  filter,  a  third  portion  of  the  filter  ash  is 
placed  in  a  small,  white  porcelain  dish  (such  as 
painters  use  are  very  convenient),  and  treated  with  a 
drop  of  cone  sulphuric  or  hydrochloric  acid,  free 
from  iron.  If  vanadium  is  present,  it  will  be  dissolved 
with  an  orange  to  a  reddish-brown  color,  which  in 
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case  of  hydrochloric  acid  soon  changes  to  a  greenish 
yellow.  A  few  drops  of  water,  about  one  cc,  are 
added  till  the  solution  is  colorless,  and  then  from  one 
to  three  drops  of  a  solution  of  potassium  f  errocyanide, 
which  must  be  so  dilute  that  three  to  five  drops  will 
only  impart  a  faint,  yellowish  tint  to  a  c.c.  of  water. 
If  vanadium  is  present  a  fine  green  coloration  will  be 
produced,  which,  together  with  the  other  indications 
obtained  before,  may  be  considered  as  conclusive 
evidence  of  the  presence  of  vanadium. 

The  vanadium  sulphide  which  had  been  detached 
from  the  filter  and  transferred  to  the  tiny  porcelain 
crucible,  is  ignited  under  access  of  air,  till  the  vanadic 
acid,  formed  by  oxidation,  is  fused.  On  cooling,  the 
peculiar  color  and  crystalline  texture  of  vanadic  add 
may  be  noted  with  the  aid  of  a  lens.  It  is  then  dis- 
solved in  acid  as  above,  diluted  and  tested  with  potas- 
sium f  errocyanide,  which  reaction  I  find  to  be  unex- 
pectedly delicate.  During  the  whole  qualitative  exam- 
ination, add,  water  and  the  other  reagents  should  be 
used  only  in  the  smallest  possible  quantities,  espedally 
when  dealing  with  mere  traces  of  vanadium. 

QUANTITATIVB  DETERMINATION  OF  VANADIUSC. 

For  quantitative  analysis  5  to  15  grammes  of  the  ore 
are  taken  and  treated  precisely  as  above,  till  the  vana- 
dium sulphide  is  obtained  on  the  filter  tolerably  pure. 
It  is  ignited  in  a  platinum  crudble,  and  the  filter 
ashes  deducted  from  the  weight  of  the  vanadic  acid 
(v).  The  latter  is  fused  with  a  little  sodium  carbon- 
ate, dissolved  in  cold  water  and  filtered.  The  sodium 
titanate  remaining  on  the  filter  is  weighed,  and  the 
weight  of  the  titanic  add  (t)  calculated  from  it.  The 
solution  of  sodium  vanadate  is  acidulated  with  nitric 
acid,  evaporated  to  dryness,  dissolved  in  water  and 
filtered.  The  silicic  acid  remaining  on  the  filter  is 
determined  and  its  weight  (s),  plus  (t)  deducted  from 
v.     Thewdght  v — (t  -H  s)  represents  very  closely  the 
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exact  quantity  of  yanadic  add  contained  in  the  ore. 
I  bcIieYe  this  method  to  be  not  only  much  simpler, 
but  quite  as  correct  as  that  which  for  brevity^s  sake,  I 
wiU  call  the  ammoninm-Tanadate  process. 

OCXrOBBENCB  OF  YAKADIXTM  IK  AMERICAN  HAONBTITEB. 

My  attention  was  first  directed  to  the  subject  about 
three  months  ago,  while  I  was  engaged  in  the  partial 
analysis  of  specimens  of  the  highly  titanif erous  mag- 
netic iron  ore  from  the  Church  mine,  near  Van  Sickles' 
comer,  N.  J.  The  i-esults  of  these  determinations  were 
as  follows,  the  numbers  1,  2,  8,  and  4,  designating 
samples  taken  from  near  the  two  walls,  the  middle, 
and  the  bottom  of  the  mine  respectively : 

No.  1.  No.  2.  No.  8.  No.  4. 

Titanic  Acid 14.45      12.19    9.82    18.80 

Phosphoric    Acid...  0.007     trace 

Vanadic  Acid 0.81       0.88     0.86       0.41 

Sulphur 0.485     

Fe 55.02      — —    54.04 

Another  ore  from  a  mine  very  near  the  same  local- 
ity (No.  5)  gave  the  following  results: 

No.  5. 

Titanic  Acid 12.02 

Phosphoric  Acid 0.158 

Vanadic  Acid 0.18 

Externally  there  was  nothing  to  distinguish  these 
ores  from  many  other  magnetic  iron  ores,  which  had 
come  under  my  obseryation ;  they  present  compact 
masses,  of  a  lustrous  fracture,  and  interspersed  with 
gangue  of  a  greenish  color,  resembling  serpentine  or 
epidote. 

As  it  was  a  mere  accident  to  which  I  owed  the  find- 
ing of  vanadium  in  these  ores,  the  suspicion  arose 
that  the  occurrence  of  vanadium  in  magnetites  migAt 
be  general,  and  I  determined  to  extend  the  investiga- 
tion to  magnetites  of  different  varieties  and  various 
localities.    Through  the  kindness  of  Profs.  Drs.  R. 
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W.  Raymond,  H.  C.  Bolton,  P.  Schweitzer,  E.  A.  Smith, 
and  especially  of  Prof.  J.  8.  Newberry,  I  was  enabled 
to  collect  and  examine  the  following  specimens.  The 
preponderance  of  New  Jersey  ores  is  due  to  the  fact 
that  my  first  intention  was  to  confine  myself  to  ores 
from  that  State  alone : 

No.  6.  Magnetite  from  Peters  Mine,  Ringwood, 
N.J. 

No.  7.        "  •'  Snyder  Mine,        "     " 

No.  8.        "  "         MiUigan  Mine,     "      " 

No.  9.        "  "  Green  Powder  Mine,  Cop- 

per Vein,  near  Boonton,  N.  J. 

No.  10.    Magnetite  from  Orchard  Iftine,  N.  J. 

No.  11.      "  "         Ogden    Mine,    Franklin 

N.  J. 

No.  12.      <•  **  Split  Rock  Mine,  Middle 

Shaft,  Boonton,  N.  J.        «. 

No.  18.  Magnetite  from  Essex  &  Ghamplain  Min- 
ing Co.,  N.  Y. 

No.  14.      "  "         Port  Henry,  Iron  Ore  Co., 

N.Y. 

No.  15.      "  "         Franconia,    N.    H.   (this 

specimen  consisted  to  mora  than  half  its  weight  of 
epidote). 

No.  16.  Magnetite  from  Oodoms  Steel  Co.,  York 
Co.,  Pa, 

No.  17.      "  "         Cranberry  Mine,  N.  C. 

No.  18.  "  .  "  Cane  Bed  Mine,  Marmora, 
Canada  West 

No.  19.      ''  *'         North  Crosby,  Canada. 

No.  20.  TitaniferoQS  Magnetic  Sand,  Long  Island, 
N.Y. 

No.  21.    Hercynite  from  Westchester  Co.,  N.  Y.* 

No.  22.    Magnetic  Sand,  Lower  CaL 

No.  28.  Magnetite  (Chnckwater  Ore)  from  near  the 
Black  Hills,  Dacotah. 

^  SeeamOytla  tqrl>i^>  J<  P*  KlmbttU,  Akbb.  CaxxnT,  IV.,  8S1. 
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No.  24.    Magnetite  from  Cornwall,  Pa. 

No.  25.      "  "         Kennedy's,  Clay  Co.,  Ala. 

No.  26.      "  "  Odin's    Mill,    Talladega 

Co.,  Ala. 

No.  27.  Titaniferoua  Iron  Sand  from  Moisie, 
Canada. 

No  vanadium  was  found  In  No.  9 ;  the  minute  resi- 
due on  the  filter  proved  to  be  copper  sulphide.  Possibly 
the  copper  reactions  prevented  the  recognition  of  a 
trace  of  vanadium  that  may  have  been  present. 

In  No.  10,  the  trace  of  sulphide  obtained  was  so  mi* 
nute  that  it  was  impossible  to  obtain  a  positive  result. 

In  all  the  other  ores  examined,  I  was  able  to  estab- 
lish the  presence  of  vanadium  beyond  doubt,  in  quan- 
tities ranging  from  distinct  traces  to  0.31  per  cent,  yana* 
die  add  in  No.  19.  Although  I  have  made  bi>t  two  other 
quantitative  determination^— one  in  No.  6, 0. 16  per  cent, 
vanadic  acid — yet,  as  I  weighed  off  exactly  1  grm.  of 
ore  for  each  test,  and  treated  all  samples  exactly  alike, 
I  believe  I  have  some  basis  for  the  following  estima- 
tions. In  No.  20  (magnetic  sand  from  Long  Island) 
I  found  0.1  per  cent  vanadic  add,  and  Nos.  22  and  27 
contain  about  the  same  quantity.  Nos.  18  and  14,  of 
a  class  of  ores  reputed  singularly  pure,  contain  not 
much  less,  being  about  on  a  par  with  28  and  25.  Nos. 
10, 15,  16,  17,  21,  24,  and  26  contain  but  little  more 
than  traces. 

In  view  of  these  facts,  and  of  the  wide  range  of  lo- 
calities covered  by  the  specimens  examined,  I  believe  it 
may  safely  be  asserted  that  vanadium  is  a  general  con* 
stitnent  of  American  magnetites,  and  it  would  seem  to 
be  desirable  that,  in  future,  chemists  take  account  of  it 
in  the  analyses  of  these  ores.  Metallurgists,  also, 
would  undoubtedly  do  well  to  study  the  influence  of 
vanadium  on  iron  more  dosely.* 


*  I  am  inclined  to  bellere  that  the  presence  of  ranadiam  in  iron  is 
beneficial;  Swedish  lion,  noted  for  Ita  exoelleaoe,  contains  it  frequently. 
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In  Europe,  vanadium  has  been  found  to  be  very 
widely  though  also  very  sparingly  distributed  in  iron 
ores,  especially  the  secondary  ones,  limonites,  hema- 
tites, spherO'Siderites,  bog-ores,  etc. ;  and  as  it  is  now 
proved  to  occur  generally  in  our  'primary  ores,  it  is 
probable  that,  if  looked  for,  it  will  be  found  in  corres- 
ponding American  ores  also.  I  regret  that  want  of 
time  forbids  me  to  examine  these  also,  and  I  hope  that 
this  part  of  the  subject  will  be  taken  up  by  some  one 
else. 

In  the  course  of  this  investigation,  I  could  not  fail 
to  notice  a  close  association  between  titanic  and  van- 
adic  acids,  the  ores  containing  the  former  being  gene- 
rally richer  in  vanadic  acid  than  those  that  contain 
little  or  no  titanic  acid ;  and  I  believe  that  the  presence 
of  titanic  acid  is  a  good  indication  of  vanadic  acid. 
I  believe  I  do  not  violate  any  confidence  in  stating 
that  Prof.  Koenig  arrived  independently  at  the  same 
conclusion ;  and  the  publication  of  his  researches  on 
the  minerals  of  Magnet  Cove  will  no  doubt  throw 
further  light  upon  this  point.  Some  of  the  recorded 
analyses  of  European  minerals  seem  to  confirm  this 
view.  Th.  Engelbach*  found  titanic  and  vanadic 
acids  associated  in  the  trachydolerite  and  nephelino- 
dolerite,  near  the  Vogelsberg ;  C.  Huber,  f  in  psilo- 
melane,  from  the  Krakow  mine,  near  KatzencUen- 
bogen;  R.  Apjohn,  J  in  trap  rock  from  Dunamoe, 
County  Wicklow,  from  the  Giant's  Causeway,  and 
from  'Vincentine,  in  Italy;  and  R.  J.  Hodges, §  in 
the  iron  ores  in  the  northern  part  of  the  County  of 
Antrim. 


Becontly,  a  mannfAccarer  mentioned  to  me  the  fact  that  ho  had  lately 
obtained  an  iron  of  nnnmial  tenacity  and  retti^tanoe  to  fitrainii ;  and, 
on  inquiry,  I  found  that  the  ore  was  from  the  Masconetoong  range,  N. 
J.,  the  same  ranf^e  from  which  the  f|iedmexui  Not.  1-6  were  obtained. 

•  Jahresbcr.  ia«0,  810. 

t  lb.  1863.  861. 

1  Chem.  News,  26, 183. 

%  Ih.    26,  838. 
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^L— AcnoK  OF  lupuBB  Rain-water  on  Lbad  Pipes. 

BT  PAUL  BCHWEITZBR,   PH.D., 
of  the  TTnivenity  of  MlsMiiri. 

(Bead  June  1,  lOTQ.) 

The  Laboratory  of  the  University  is  supplied  with 
ain-water,  which  collects  in  a  tank  in  the  upper  part 
f  the  Scientific  Building,  and  is  carried  to  the  work- 
ig  tables  of  the  students  by  lead  pipes,  which  are 
imished  with  brass  stop-cocks.     In  using  this  water 
>r  ordinary  analytical  work,  as  for  instance,  saturat- 
\g  it  with  sulph-hydric  acid,  it  was  soon  found  to  be 
unfit  for  such  purposes,  on  account  of  the  quantity  of 
metals  it  had  dissolved,  after  standing  in  the  pipes  for 
only  a  short  time.    It  is  a  well-known  fact  that  pure 
water  attacks  lead  much  faster  than  water  containing 
a  certain  quantity  of  mineral  salts,  and  this  seems  to 
be  also  the  case  with  rain-water,  which  contains  inva- 
riably ammonia,  nitrous  and  nitric  acid ;   some  sul- 
phuric acid  was  also  found  in  this  water,  derived  from 
the  smoke  and  cinders  which  fall  on  the  roof  of  the 
building  from  the  coal  fires  that  heat  the  rooms.    Tlie 
following  quantities  of  metals  were  found  in  one 
U.  S.  gallon  of  231  cubic  inches  of  the  filtered  water, 
that  had  stood  in  the  pipes  for  one  month : 
1.079  grains  metallic  zinc. 
0.537    •*  "        iron. 

2.503     "  "        lead. 

0.082    "  "        copper. 

0.049    "  "        arsenic 


4.250  grains. 
Arsenic,  copper,  and  probably  iron,  are  derived 
from  the  lead  pipe,  manufactured  from  an  inferior 
quality  of  lead,  and  zinc  from  the  lining  of  the  tank. 
In  supplying  private  houses  or  institutions  with  water 
through  a  system  of  pipes,  care  should  be  taken  to 
find  out  whether  the  water  to  be  supplied  be  pure  or 
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not ;  in  the  former  case,  and  when  rain-water  is  the 
source  of  supply,  as  it  is  in  many  sections  of  our  State, 
lead  pipes  should  be  discarded,  and  tin-lined  lead 
pipes  substituted  for  them. 


VII. — On  the  Cause  op  Discrepancies  in  the  Esti- 
mation OF  Silyeb  in  Pia  Lead. 

BY  PAUL  SCHWEITZER,   PH.D. 

(RetLd  June  1, 1876.) 

I  HAD  occasion,  some  years  since,  to  determine  the 
silver  in  a  lot  of  bullion  lead  from  one  of  the  Western 
States,  and  took  two  samples  for  this  purpose  from  a 
kettle  which  contained  about  ten  tons  of  melted 
metaL  The  mean  of  the  two  essays  indicated  81.62 
ounces  of  silver,  inclusive  of  0.36  ounces  of  gold,  to 
the  ton  of  lead,  while  other  parties  who  assayed  it  at 
the  same  time,  but  took  their  samples  from  one  or 
more  slabs  cut  out  of  the  middle  of  the  pigs,  reported 
somewhat  less.  Thinking  it  not  at  all  unlikely  that 
there  might  be  a  difference  in  the  composition  of  the 
metal  derived  from  different  parts  of  the  pig,  I 
cupelled  seventeen  samples,  each  weighing  about  fif- 
teen grammes,  and  taken  from  a  pig  of  about  eighty- 
^ve  pounds  in  weight,  under  as  nearly  uniform  condi- 
tions as  I  could  obtain,  and  found  figures  which  clearly 
prove  the  existence  of  such  difference.  The  silver 
collects  in  larger  quantity  on  the  outside  than  in  the 
interior  of  the  pig,  in  greater  proportion  on  the  upper 
than  on  the  lower  side,  and  in  fact  more  in  all  those 
parts  which  solidify  before  the  rest  of  the  metal,  which 
contains  then  correspondingly  less.  I  give  the  figures 
without  further  comment,  only  stating  that  they  indi- 
cate ounces  of  silver  to  the  ton  of  lead,  and  that 
the  samples  were  taken  from  the  spots  marked  oppo- 
site to  them  in  the  following  diagram : 
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Complete  analysis  of  lead  used  in  this  investigation 
Ag  =    0.8215    p.  c.  (98.77  oz.  to  ton.) 


Cu 

=    0.8817 

(( 

Bi 

=    0.0679 

« 

Sb 

=    0.0021 

(( 

Sn 

=    0.0012 

u 

Ar 

=    trace. 

Fe 

=    0.0085 

« 

Zn 

=    0.0006 

(( 

Pb 

=  98.7665 

«( 

100.0000 

(by  loss.) 


ym — Analysis  op  the  Gneiss  of  Manhattan 

Island, 

bt  paul  schweitzer,  ph.d. 

(Bead  June  1, 1876.) 

In  a  paper  published  in  the  American  Chemist  for 
June,  1874, 1  gave  a  description  of  the  stratification 
and  occurrence  of  the  Gneiss-rock  of  the  north-eastern 
portion  of  Manhattan  Island,  and  analyses  of  the  various 
constituents  of  it,  where  they  occurred  in  large  enough 
masses  to  be  separated  from  each  other.  I  collected 
at  the  same  time  samples  of  Gneiss,  of  which  I 
analyzed  that  variety  which  exhibits  the  most  perfect 
stratification,  and  which  consists  of  small-grained 
minerals  of  about  the  same  size,  well  mixed,  and  ap- 
pearing parallel  to  the  strata-like  mica  and  vertical  to 
them,  like  well-defined  seams  of  quartz,  feldspatic 
matter  and  mica. 

Its  composition  is  almost  Identical  with  that  of  a 
Gneiss  mentioned  by  Bishop,*  which  illustrates  by 
comparison  its  formation  from  argrillaceous  slate  and 
its  conversion  into  micaceous  or  quartzose  schist ;  the 
distribution  throughout  its  mass  of  small  particles 

^  Lehrbach  der  Cbemiachen  and  FhysikallBohen  Qeologle,  Vol.  III., 
p.  S45. 
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Of  iron  pyrites  accounts  sufficiently  for  the  rapidity, 
with  which  it  weathers  and  breaks  up  into  graina  of 
larger  or  smaller  size. 


57.20 

850, 

19.51 

AUO. 

9.52 

FeaO« 

0.59 

Fe 

0.07 

S 

4.40 

MgO 

5.73 

CaO 

0.28 

K,0 

213 

Na,0 

0.48 

loss  b; 

100.51 

Strong  boiling  hydrochloric  acid  dissolved  of  it  9.99 
p.c.  and  caustic  potash  3.74  p.c. 


IX. — Bismuth  in  Lead  in  thb  Manupacturk  of 

Whitb  Lead. 

h.  endbmann,  ph.d. 

(Bead  June  1,  1876.) 

In  the  manufacture  of  white  lead  Bismuth  is  re- 
garded as  a  valuable  constituent  of  the  lead,  used  for 
this  purpose.  Nevada  lead  is  known  as  one  of  the 
leads,  which  are  produced  in  this  country,  for  always 
containing  some  bismuth,  and  in  the  ordinary  Dutch 
process  of  preparing  white  lead  this  metal  undergoes 
readily  the  oxidizing  process,  if  it  is  intimately  mixed 
with  the  lead.  Yet  it  occasionally  happens  that  the 
bismuth  concentrates  at  certain  parts  of  the  bugles, 
which  are  cast  previously  to  the  process  of  oxidizing, 
and  then  it  resists  oxidation  for  a  considerable  time. 

It  frequently  happens  that  bugles  are  found  which 
appear  but  partly  oxidized,  and  as  they  as  a  rule  part 
in  the  middle,  the  fracture  appears  with  a  black  coat- 
ing. Experiments  proved  that  this  black  coating  was 
oxidized,  when  under  the  influence  of  oxygen,  car- 
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bonic  acid  and  acetic  acid.  The  process  is,  however, 
a  very  slow  one.  I  therefore  collected  some  of  the 
black  material  by  scraping  it  off  and  remoying  thr 
adherent  white  lead  by  means  of  diluted  acetic  acid. 
Thns  a  black  crystalline  powder  was  obtained,  whicl' 
easily  dissolved  in  nitric  acid.  Tlie  nearly  neutrai 
solution  was  decomposed  on  the  addition  of  water. 
Ko  precipitate  was  obtained  with  sulphuric  acid.  On 
testing  it  further  by  means  of  Bunsen's  flame  reactions, 
it  was  ascertained,  that  the  substance  was  pure  Bismuth. 

The  question,  why  this  concentration  of  bismuth 
only  occasionally  occurs,  has  not  yet  been  determined 
experimentally,  but  I  attribute  it  to  the  temperature 
of  the  lead  at  time  of  the  casting  of  the  bugles.  li 
the  temperature  be  comparatively  Idw,  tho  solidifica- 
tion of  the  bugles  is  an  almost  instantaneous  one. 
If  ^  however,  perhaps  towards  the  end  of  the  operation 
of  casting,  the  supply  of  molten  lead  decreases,  this 
becomes  overheated  and  remains,  though  solid  out- 
side, sufficiently  fluid  on  the  inside  to  allow  the  bis- 
muth-lead alloy,  which  has  a  very  low  smelting  point, 
to  concentrate  in  the  interior. 

The  question  is  to  be  further  investigated. 


X. — ^Kerosekb  Oil. 

BY  H.   B.   CORNWALL. 
(Bead  June  1, 1876.) 

The  following  experiments  were  begun  with  the 
view  of  ascertaim'ng  how  much  less  yield  might  be 
expected  from  petroleum  when  making  a  kerosene 
flashing  at  100^  F.  than  when  making  one  flashing  at 
80**  F.  Dr.  Chandler,  in  his  valuable  Report  on  Petro- 
leum, presented  to  the  Board  of  Health  of  New  York 
City,  and  published  in  the  American  Cqbmibt,  has 
given  as  the  mean  of  seventy-five  oils  flashing  below 
100°  F;,  an  average  flashing  point  of  86.6^,  and  a 
burning  point  of  107°.     Among  twenty  specimens 
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tested  lately,  I  was  fortunate  enough  to  find  one,  No. 
1,  Table  L,  representing  an  average  oil,  in  respect  to  its 
flashing  and  burning  points,  although  its  specific 
gravity,  49^  Beaum6,  was  much  above  the  average  of 
47**  B.,  given  by  Dr.  Chandler.  Table  L  contains  a 
list  of  the  oils  experimented  upon ;  the  time  employed 
in  making  the  flashing  test,  and  the  time  consumed  in 
raising  the  oil  after  flashing  to  the  temperature  (Fah- 
renheit) at  wliich  it  took  fire  from  the  ignited  gases 
and  continued  to  bum,  being  given  in  minutes,  in  the 
third  and  fifth  colunms.  The  tests  were  made  in 
Tagliabue's  open  tester,  with  a  detached  screen ;  stir- 
ring the  oil  before  applying  the  small  gas  flame,  used 
to  ignit«  the  escaping  vapors.  The  specific  gravities 
throughout  the  experiments  were  taken  at  60°  F.,  with 
a  bulb  tube  holding  3.605  grammes  of  distilled  water, 
and  were  reduced  to  degrees  of  Beaum6*s  hydrometer 
by  Gilpin's  formula,  as  given  in  Johnson's  Cyclopse- 
dia,  vol.  ii. ;  specific  gravity  =  litV.;  ^  denoting 
the  degrees  Beaum^.  It  should  be  remarked  that  the 
results  obtained  by  this  formula  are  about  one-half  of 
a  degree  lower  than  those  given  by  Fownes  on  the 
authority  of  Francoeur. 

Table  I. 


Number. 

BpeciAc 
Gravity,  B. 

Time. 

Flashing 
Point. 

Time. 

Bnmtng 
Point. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

49.7 

48.7 
474 
45.3 

50.4 
45.8 

21 
25 

15 
23 
12 
23 
12 
28 
23 

86 

96 
110 

80  . 
121 

98 
118 
104 
104 

81 

7 
8 

7 
5 
5 
6 
5 
5 

107 
112 

124 
100 
138 
118 
135 
125 
120 

The  following  experiments  were  made  with  the 
above  oils : 
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I.  A  gla88  flask  containing  1^00  c.c.  of  No.  1  was 
heated  orer  a  spirit-lamp.  Through  the  cork  of 
the  flask  passed  a  thermometer  and  also  a  tube, 
whicli  was  connected  with  narrow  glass  tubing,  sur- 
rounded with  ice  for  a  distance  of  about  four  feet,  to 
condense  the  vapors.  At  about  90^  C.  bubbles  of  gas 
began  to  rise,  and  at  150*  C.  liquid  began  to  flow  from 
the  condenser.  After  collecting  8  cc.  of  this  distil- 
late, the  operation  was  stopped,  and  the  cooled  cfll  in 
the  flask  found  to  measure  191.8  cc.  When  tested  it 
gave  the  result  indicated  by  No.  3,  Table  I.;  the  flash- 
ing point  had  been  raised  2.5*  F.,  and  the  burning 
point  1.25°  for  each  per  cent,  of  distillate. 

n.  On  treating  150  c.c.  of  the  same  oil.  No.  1  (all 
that  was  left),  in  a  similar  way,  the  bubbles  of  gas  be- 
gan to  rise  as  before  atOO'C;  at  150*  to  155*  the 
condensed  distillate  began  to  flow,  and  4.25  c.c.  were 
obtaii^d,  having  a  specific  gravity  of  .727=64*  B. ; 
at  155*  to  165*  0.  I  collected  11.5  cc.  of  liquid  hav- 
ing a  specific  gravity  of  .746=59*  B.  The  residual 
oil,  No.  3,  was  little  darker  than  the  original  oil.  It 
measured  184  cc,  so  that  about  10.6  per  cent  had 
been  removed.  The  results  show  that  the  flashing 
point  had  been  raised  2.27*  R,  and  the  burning  point 
1.6*  for  each  per  cent  driven  off.  It  must  be  stated 
that  this  burning  point  is  not  very  reliable,  having 
been  determined  with  a  -very  small  quantity  of  the 
oil,  because  the  greater  part  was  removed  immediately 
after  the  flashing  test,  for  Experiment  III. 

IIL  After  determining  the  flashing  point  of  No.  3, 
it  was  at  once  removed  from  the  tester  and  cooled 
quickly,  and  then  shaken  up  with  10.6  percent  of  a 
mixture  of  the  two  distillates  of  Experiment  n.  in 
the  proportions  there  given,  viz.,  4.25:11.25;  the 
mixture  having  a  specific  gravity  of  .748=59.8*  B. 
The  oil  flashed  at  89*  F.,  and  burned  at  107*; 
almost  its  original  condition.    (See  also  Experiment 

vn.) 
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rV.  A  worse  oil  was  next  treated,  No.  4 ;  220  c.c. 
being  heated  until  22  c.c.  of  the  distillate  had  been 
collected.  The  first  5.5  cc,  collected  at  150**  to  155^ 
C,  had  a  specific  grayity  of  .729=68.5^  B. ;  the  last 
11  C.C.,  ending  at  175*  C,  had  a  specific  gravity  of 
.738=61.1*  B.  The  intervening  5.5  cc.  of  distillate 
was  not  tested  for  specific  gravity. 

On  measuring  the  residual  oil  it  was  found  that  2. 7  per 
cent:  of  it  was  not  accounted  for  by  the  amount  of  dis- 
tillate collected.  The  resulting  oil,  No.  5,  Table  L,  was 
very  dark.  As  the  teets  show,  it  had  been  rendered 
very  safe ;  the  flashing  point  being  raised  8.2*  F.,  and 
the  burning  point  8*  for  each  per  cent,  driven  off 
(12.7  per  cent,  in  all).  This  increased  improvement 
was  very  probably  due  to  the  expulsion  of  a  small 
proportion  of  very  light  naphthas,  not  easily  con- 
densed.   (See  oil  No.  7,  in  Table  11.) 

V.  After  collecting  only  5  c.c.  of  distil)  atQ  from 
200  C.C.  of  the  same  oil.  No.  4, 1  obtained  a  discolored 
oil,  which  I  purified  by  treatment  with  sulphuric 
acid  and  caustic  soda,  obtaining  No.  6,  Table  L; 
the  flashing  point  having  .been  raised  8.6*  F.,  and 
the  burning  point  2.8*  for  each  per  cent  of  distillate 
collected. 

VL  I  next  tried  the  effect  of  adding  naphthas  (and 
benzines)  of  different  specific  gravities,  with  the  results 
given  in  Table  IL,  in  whioh  I  have  inserted  the  re- 
sults obtained  by  Dr.  C.  B.  White,  of  the  New  Orleans 
Board  of  Health,  and  given  in  Dr.  Chandler's  report. 
The  naphtha  employed  by  Dr.  White  must  have  been 
a  light  one,  lighter  than  those  I  obtained  by  distilling 
kerosene.  The  results  in  Table  n.  arc  very  interesting, 
when  the  specific  gravities  of  the  naphthas  there  em- 
ployed are  compared  with  those  obtained  in  the  pre- 
ceding experiments.  It  may  be  here  stated,  that, 
strictly  speaking,  the  commercial  naphtha  has  gener- 
ally a  specific  gravity  of  70*  to  76*  B. ;  the  hydrocar- 
bons of  62''  to  65*  B.  being  technically  called  hetmiu. 
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In  Table  II.  I  have  given  the  average  difference  of  the 
flashing  and  burning  points  for  each  per  cent  of  naph- 
tha added,  keeping  the  time  of  the  tests  as  nearly  the 
same  as  possible. 

Table  II. 


ff      1 

.     1 

'S  1 

• 

OIlB. 

Fluhi 
Point. 

Differ- 
ence. 

Buml 
Point 

Differ- 
ence. 

No.  7,  Table  L,  akne 

118 

112 

■  • 

6 

135 
129 

4- U  N.  of  65°  B. . . 

6. 

»«        "          4-3      "        "     

103 

5 

123 

4 

ti        <i         ^5     tt        (t 

96 

4.4 

116  3.8 

U         41          4-10    »»         "     .... 

83 

3.6 

102 

3.3 

r    "        "         4-l^N.of71.7''B.. 

107 

11 

183 

2 

Below 
70 

' 

, 

'*        *'          4-  6      "        ** 

• . 

105 

6 

No.  8.  Table  L.  alone 

m 

96 

■  • 
4 

125 
120 

"        *'         4-23fN.of65''B.... 

2.5 

"        "         H-  10    •*         **    

76 

2.8 

107 

1.8 

Dr.  White's  (Ml  alone. 

113 
103 

•  • 
10 

•  • 

•  • 

"            "  4-1^  Naphtha 

"            '*  +2          *'       

92 

10.5 

•  • 

"             **  4-  6           "       

83 

6 

"             '*  +10        **       ...... 

59 

5.4 

•  • 

*»             "4-20        " 

•  • 

•  • 

50 

YII.  The  circumstances  of  Experiment  HL  led  me 
to  make  the  following  ^periments  on  different  oils : 
I  determined  the  flashing  point  of  the  oil  carefully, 
then  poured  it  at  once  from  the  tester  into  a  glass  ves- 
sel, and  allowed  it  to  cool  to  the  temperature  of  the 
laboratory,  about  70"*  Fahrenheit,  after  which  I  again 
determined  the  flashing  point  The  time  in  minutes 
for  making  each  test  is  given  in  the  following  table, 
with  the  difference  in  degrees  of  Fahrenheit  between 
the  two  flashing  points.  The  results  are  so  different 
from  those  of  Hr.  Qrace  Calvert  (Chemical  Hews, 
American  Reprint,  Kay,  1870),  that  I  have  deemed 
them  worthy  of  publication,  he  having  obtained  dif- 
ferences nearly  or  quite  twice  as  great 
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Table  HI. 


Olla. 


Oil  No.  9,  Table  I. 

ii  17  U 

*•     10*      " 


d 

Flashing 
Point. 

• 

II 

26 

105 

19 

109 

18 

11824 

121 

23 

«i;32 

84 

S£ 

4 
8 
B 


yni.  Dr.  Chandler  has  shown  in  his  report  that 
when  the  temperature  of  a  room  is  82^  to  84?  F.,  the 
oil  in  glass  lamps  may  easily  reach  a  temperature  of 
90^  F.,  and  in  metal  lamps  of  104®  F.  (and  in  an  excep- 
tional case  120°  F.)  after  burning  one  or  two  hours; 
the  average  for  thirteen  metal  lamps  being  96i<>  F.  and 
for  thirteen  glass  lamps  86®  F.  for  four  hours.  With 
the  temperature  of  the  room  at  90*^  to  92®  F.,  the  aver- 
age for  the  metal  lamps  was  104^®  F.,  and  for  the 
glass  lamps  92^®  F.,  the  highest  temperature  observed 
in  a  glass  lamp  being  98*  F.  Probably  the  greatest 
danger  from  kerosene  lamps  arises  from  the  risk  of 
overturning  and  breaking  the  lamp,  although  un- 
doubtedly explosions  sometimes  break  lamps,  and  I 
therefore  tried  some  experiments  to  ascertain  the 
probable  behavior  of  different  oils  when  a  lighted 
lamp  was  broken.  Thin  glass  flasks  containing  200  c.  c. 
of  the  oils  were  provided  with  corks,  through  which 
passed  glass  tubes  holding  wicks.  The  oil  in  each 
flask  was  then  heated  in  a  water  bath  to  95^  F.,  and  the 
wick  lighted,  after  which  the  flask  was  dropped  upon 
a  brick  floor  near  a  steam  boiler,  the  bricks  having  a 
temperature  of  about  93**  F.  The  results  are  given  in 
Table  IV.  No.  8  was  a  mixture  of  No.  1  with  5  per 
cent,  of  naphtha  of  65®  B.,  and  No.  9  of  No.  1 
with  5  p«r  cent  of  naphtha  of  71.7®  B. ;  the  others, 
like  all  of  the  oils  in  this  article,  were  bought  from 
dealers.  • 
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Table  IV. 


1 

s  o 

! 

BemArks. 

g 

|s 

0QU 

1 

118 

135 

The  wick  continned    to    bum 
quietly  without  igniting  the  spilled 
oil. 

2 

104 

120 

Like  No.  1. 

8 

100 

112 

t(        a     h* 

4 

98 

116 

Part  of  the  oil  was  slowly  ig- 
nited. 

5 

96 

111 

All  of  the  oil  at  once  took  fire. 

6 

80 

100 

Like  Ko.  5. 

7 

80 

98 

it           H       i( 

8 

96 

(  Below 

(    70 

116 

(I        ii     (( 

9 

ia5 

Ignited  with  a  flash. 

Oil  No.  7  of  Table  IV.  was  the  cause  of  an  accident 
in  Princeton,  N.  J.  A  hall  lamp  containing  it  broke  or 
exploded  soon  after  it  was  lighted,  and  although  the 
wick  and  chimney  remained  in  their  place,  the  oil 
which  fell  on  the  floor  set  fire  to  the  carpet.  No.  5 
came  from  Paterson,  N.  J.,  where  it  had  caused  an 
explosion,  scattering  the  burning  oil  about  a  room  in 
which  two  children  were  sleeping.  The  proprietor, 
attracted  by  the  noise,  ran  into  the  room  and  put  out 
the  flames  with  a  bed-quilt.  In  answer  to  particular 
questions,  I  was  told  that  the  lamp  was  of  glass, 
standing  on  a  table,  and  that  the  noise  heard  \flEis  that 
of  the  explosion,  and  not  of  the  falling  or  breaking 
glass. 

From  the  above  experiments  the  following  conclu- 
sions may  be  drawn,  as  applying  at  least  to  these  oils: 

1,  The  naphthas  distilled  were  comparatively  heavy, 
59^  to  64^  B.,  technically  known  as  benzines. 

2.  The  removal  of  about  ten  per  cent,  of  ^hese  naph- 
thas from  an  average  unsafe  oil,  raised  the  flashing 
point  2.27°,  and  the  burning  point  1.6<^  F.,  for  each 
per  cent,  removed ;   the  addition  of  the  same  propor- 
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tion  of  naphtha  of  equal  specific  gravity,  lowered  the 
flashing  point  in  very  nearly  the  same  ratio. 

8.  Table  IL  shows  that  a  paying  amount  of  a  light 
naphtha,  above  70°  B.,  could  not  be  added  to  even 
a  very  high  grade  oil  without  making  it  conspicuously 
bad,  while  as  much  as  ten  per  cent,  of  a  heavier  naph- 
tha (benzine),  of  65*^  B.,  could  be  added  to  an  oil  of 
little  above  100**  F.  flashing  test,  and  make  it  no  worse 
than  much  of  the  oil  now  in  the  market. 

4.  When  a  small  amount  of  naphtha  of  above  70* 
B.  is  added  to  a  good  oil,  the  flashing  point  is  lowered 
much  more  rapidly  than  the  burning  point :  if  the  oil 
is  of  very  high  grade  and  the  naphtha  moderately 
heavy,  65**  B.,  the  burning  point  of  the  oil  is  lowered 
almost  as  rapidly  as  the  flashing  point;  while  the 
addition  of  a  naphtha  of  65°  B.  to  a  moderately  good 
oil,  flashing  at  104°  F.,  lowers  the  flashing  point  85  to 
40  per  cent,  more  rapidly  than  the  burning  point. 

5.  The  binning  point  is  not  a  reliable  test  of  the 
safety  of  an  oil,  since  oils  when  spilled  will  ignite 
instantly  on  the  approach  of  a  flame,  when  heated  a 
degree  or  two  above  their  flashing  point,  even  although 
the  burning  point  is  10**  or  20**  F.  higher.  This  fact 
has  been  so  often  shown  to  be  true,  and  especially  in 
the  earlier  volumes  of  the  American  Chemist,  that  it 
seems  scarcely  necessary  to  repeat  it  here. 

6.  Experiments  I.  and  11.  show  that  an  oil  flashing 
at  86°  and  burning  at  107°  F.,  can  be  made  to  flash 
at  100°  F.  by  removing  six  or  seven  per  cent,  by  dis- 
tillation. This  corresponds  nearly  with  the  estimate 
furnished  to  me  by  Mr.  H.  N.  Rogers  (Charles  Pratt 
&  Co.,  refiners),  that  average  petroleum  yielding  75 
per  cent  of  11 0*  F.  "fire  test"  (burning  test)  oil, 
would  probably  yield  69  per  cent  of  100°  "flash 
oil;"  in  qther  words,  8  per  cent,  of  the  110°  "fire 
test"  oil,  would  have  to  be  removed  to  make  a  100* 
'*  flash"  oil.  The  average  flashing  point  of  eight  oils 
given  in  Dr.  Chandler's  report  as  burning  at  110°  F., 
was  89°. 
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XL — Preliminary  Note  on  Lmcua. 
By  Howard  W.  Mitchell. 

•    (BeadJuM  1,1876.) 

Wartsa*  has  separated  four  organic  bodies  from 
Litmus.  The  first  is  obtained  by  treating  commercial 
litmus  with  alcohol  of  about  00  per  cent,  filtering  cold 
and  boiling  the  clear  tincture ;  whereupon  indigo  is 
precipitated  as  a  fine  powder,  according  to  the  author. 
The  second  body  is  obtained  by  evaporating  the  violet- 
red  mother  liquor ;  it  is  a  beautiful  red,  or,  from  many 
varieties,  green,  fluorescent  substance,  indifferent  to 
acids.  The  litmus  residue  left  after  the  above  treat- 
ment with  alcohol,  and  which  is  insoluble  in  that  fluid, 
is  digested  with  distilled  water  for  24  hours,  after 
which  the  deep-colored  solution  is  evaporated  to  dry- 
ness on  the  water-bath,  the  residuary  extract  treated 
several  times  with  absolute  alcohol  containing  a  little 
glacial  acetic  add  and  again  evaporated,  until  it  forms 
a  brown  powdery  mass.  This  brown  powder  is  now 
extracted  with  absolute  alcohol  and  acetic  acid,  where- 
by a  large  quantity  of  a  scarlet  red  body  is  dissolved, 
which  resembles  orceine  and  becomes  purple-red, 
in  place  of  blue,  with  ammonia.  The  portion  of  the 
brown  powder  insoluble  in  the  acidified  absolute  alco- 
hol consists  of  the  litmus  coloring  matter  in  a  state  of 
great  purity — so  pure,  in  fact,  that  by  means  of  it  the 
carbonated  alkaline  earths  contained  in  spring  waters 
may  be  titrated  with  as  great  delicacy  as  by  the  use 
of  cochineal  tincture,  which  is  far  from  being  the  case 
with  crude  litmus. 

To  get  this  perfectly  pure,  it  is  first  washed  with  ab- 
solute alcohol,  then  dissolved  in  a  small  quantity  of 
water  and  thrown  into  a  large  excess  of  alcohol ;  the 
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floccnlent  purple  precipitate  collected  and  again 
thoroughly  washed  with  alcohoL 

I  have  repeated  Wartha's  experiments  as  here  stated 
upon  some  samples  of  litmus  obtained  from  Bullock 
&  Crenshaw,  of  Philadelphia,  and  said  to  have  come 
from  Pettitt,  Aimee  &  Co.,  Paris,  France.  My  obwr- 
vations  confirm  his  results  in  every  particular,  save  as 
regards  the  Indigo.  No  deposit  of  indigo  was  ob- 
tained upon  boiling  the  alcoholic  tincture,  not  even 
after  repeated  ebullitions,  with  intervals  of  rest  and 
cooling. 

The  fluorescent  body  which  he  mentions,  is  violet  or 
purple,  as  I  have  obtained  it,  and  gives  a  solution  in 
alcohol  of  a  similar  color,  which  shows  a  beautiful 
green  fluorescence  with  sunlight,  even  when  very  di- 
lute, and  with  the  spectroscope  gives  a  very  characteris- 
tic absorption  band  in  the  green,  together  with  an  al- 
most total  absorption  of  the  violet  end  of  the  spectrum. 

It  is  soluble  in  water,  amylic  alcohol,  and  common 
ether  to  some  extent,  extrcmely  soluble  in  alcohol,  but 
seems  to  be  wholly  insoluble  in  bisulphide  of  carbon, 
chloroform,  petroleum-naphtha,  and  oil  of  turpentine, 
imparting  neither  color  nor  fluorescent  property  to 
those  liquids. 

The  solutions  in  amylic  alcohol  and  in  ether,  both 
exhibit  a  beautiful  fluorescence,  but  the  ethereal  solu- 
tion shows  the  absorption  band  in  the  green  only  very 
faintly,  even  when  the  solution  is  thoroughly  saturated. 
The  solubility  of  the  substance  in  both  of  these  liquids 
is  probably  due  to  the  trace  of  common  alcohol,  which 
they  both  contain,  as  found  commercially.  The  body 
which  resembles  orceine  shows  a  very  faint  fluores- 
cence, and  in  alcoholic  solution  gives  a  spectrum  in 
which  the  absorj^tion  is  characteristic,  and  quite  dis- 
tinct from  that  of  the  last.  It  is  slightly  soluble  in 
water,  very  soluble  in  alcohol,  but  seems  to  be  insolu- 
ble in  ether,  chloroform,  bisulphide  of  carbon  and 
petroleum-naphtha. 
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The  pure  coloring  matter  proper  of  litmus  is  insolu- 
ble in  alcohol,  ether,  chloroform,  bisulphide  of  car- 
bon, and  petroleum  naphtha,  both  in  the  cold  and  upon 
boiling ;  it  is  very  soluble  in  water,  and  its  aqueous 
solution  yields  an  absorption  spectrum  differing  from 
that  of  each  of  the  preceding  substances. 

This  substance  turns  blue  with  ammonia,  and  seems 
more  like  the  azolitmine  of  Kane  than  either  of  the 
other  substances,  but  I  obtained  no  ammonia  from  it 
by  heating  with  sodic  or  calcic  hydrates,  that  is,  suffi- 
cient to  show  its  presence  b^  odor  or  by  reaction  upon 
reddened  litmus  paper. 

It  yields  in  alkaline  solution  a  beautiful  violet  lake 
With  alumina,  one  of  a  pale  violet  color  with  stannous 
acetate,  and  deep  blue  lakes  with  calcium  and  barium. 

The  residue  left,  after  extracting  litmus  with  alco- 
hol, and  then  with  water,  is  soluble  to  the  extent  of 
85  per  cent,  in  dilute  hydrochloric  acid,  and  the  por- 
tion dissolved  in  this  liquid  consiBts  of  calcic  and 
magnesic  carbonates,  free  from  coloring  matter,  in  the 
proportions  of  about  90  per  cent  and  10  per  cent,  of 
the  carbonates  respectively.  The  residue,  insoluble  in 
dilute  hydrochloric  acid,  consists  mostly  of  fine  sand, 
but  yields  some  coloring  matter  to  strong  ammonic 
hydrate,  and  forms  a  solution  of  a  blue  color,  with  a 
precipitate,  red  and  gelatinous,  somewhat  like  alumina, 
upon  super-saturation  with  an  acid. 

About  25  grains  of  the  pure  coloring  matter,  15 
grains  of  the  body  like  orceine,  and  10  grains  of  the 
fluorescent  body,  were  obtained  per  ounce  of  litmus. 

Diagrams  of  the  absorption  spectra  yielded  by  these 

several  substances  I  reserve  for  a  second  paper. 
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XIV. — ^Pboceedihos. 
Regular  Meeting ^  July  6M,  1876. 

W.  M.  Habibshaw,  Esq.,  in  the  Chair;  23  members 
present. 

The  minutes  of  the  last  meeting  were  read  and 
adopted.  The  Secretary  gaye  a  brief  account  of  the 
reunion  of  the  Society  at  Philadelphia,  June  16th,  on 
the  occasion  of  the  dinner  in  honor  of  the  foreign 
chemists  officially  connected  with  the  Exhibition, 
which  was  attended  by  about  seyenty  members  of  the 
profession. 

The  following  members  and  associates  were  then 
elected : 

Members. — ^Florian  Alexander,  Newark,  N.  J. ;  J.  G. 
Allyn,  Chicago,  Ills. ;  E.  H.  L.  Bailey,  Bethlehem, 
Pa. ;  G.  W.  Belcher,  St.  Louis,  Mo. ;  H.  B.  Cornwall, 
Princeton,  N.  J. ;  C.  Lewis  Diehl,  Louisyille,  Ky. ;  F. 
P.  Dunnington,  Lexington,  Ya. ;  Persifor  Frazer, 
Philadelphia,  Pa. ;  Samuel  W.  Johnson,  New  Hayen, 
Ct. ;  George  A.  Eoenig,  Philadelphia,  Pa. ;  Samuel 
Moiris  Lillie,  New  York;  C.  I.  Lawler,  Brooklyn, 
N.  Y. ;  Howard  W.  Mitchell,  Philadelphia,  Pa. ;  John 
A.  Myers,  Iryington,  Ind. ;  T.  J.  Parker,  Now  York ; 
Bichard  Pearce,  Black  Hawk,  Col. ;  Frederick  Prime, 
Jr.,  Easton,  Pa. ;  C.  M.  Roeper,  Bethlehem,  Pa. ;  Henry 
Morton  Seely,  Middlebury,  Vt ;  William  S.  Sweeny, 
Easton,  Pa. ;  E.  L.  Youmans,  New  York ;  W.  J.  You- 
mans.  New  York ;  Herman  Voorhies,  New  Brighton, 
S.  L  :  Theodore  R  Wolf,  Wilmington,  Del 
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Auodalu, — ^Edward  N.  Dickinson,  Gkorge  Elder, 
Jr.,  Adolph  Hallg^arten,  H.  O.  HaTemeyer,  Theodore 
Hayemeyer,  John  Habirshaw,  F.  Jones,  Chas.  V.  Mapes, 
F.  O.  Mathiesen,  Whl  A.  Miles,  W.  J.  Parsons,  a  M. 
Plympton,  New  York ;  John  H.  Ricketson,  Pittsbargh, 
Pa. ;  Chas.  H.  Senff,  Austin  G.  Day,  Julins  H.  Stried- 
nger,  Joseph  Oandolfo,  Kew  York. 

The  names  of  14  candidates  for  Election  were  pre- 
sented to  the  Society. 

The  paper  announced  by  A.  Bomgonguon  was  with- 
drawn on  account  of  the  illness  of  the  author.  Rufus 
&  Merrill,  of  Boston,  Mass.,  read  a  paper  on  '*  Explo- 
sions and  the  Proper  Method  of  Testing  Petroleum 
Oils,"  with  illustratiye  experiments.  On  motion,  the 
thanks  of  the  Society  were  tendered  to  Mr.  MerrilL  A 
paper  by  Prof.  Paul  Schweitzer,  *'0n  Some  New 
Add  Ammonium  Sulphates,**  was  read  by  the  sec- 
retary. Ohailes  M.  Stillwell  read  a  paper  ^'  On  the 
Occurrence  of  Vanadium  in  American  Hematites  and 
Limonites.*' 

The  Society  adjourned,  to  meet  again  on  the  first 

Thursday  in  September  or  October,  according  to  the 

decision  of  the  Coimcil. 

L  WAiiZ,  Heearding  Sec^y. 


XV. — On  thb  Occurbsncb  of  Vanadium  in  Axebi- 
CAN  Hematites  and  Other  Secondary  Iron  Ores. 

BT  CHAS.   M.  STILLWELL,  A.M. 

(Read  Jnly  «,  1876. ) 

At  the  last  meeting  of  the  American  Chemical  So- 
ciety it  will  be  remembered  that  Dr.  Walz  read  a 
paper  on  the  Occurrence  of  Vanadium  in  American 
Mlignetites.  He  pointed  out  the  probability  of  its 
occurrence  in  the  secondary  ores  of  iron,  namely  the 
hematites  and  limonites.  As  he  was  unable  to  under^ 
take  their  examination  the  task  fell  to  me,  and  I  have 
the  honor  to-night  to  present  my  results  to  the  Society. 
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Before  treating  of  the  proper  subjects  of  this  paper 
I  wish  to  give  the  results  of  my  examination  of  two 
magnetic  iron  ores.  The  opinion  was  expressed  by 
Dr.  Walz  that  vanadium  is  almost  always  found  in 
larger  quantities  in  titaniferous  magnetites  than  in 
magnetites  free  from  titanium.  A  sample  of  the 
Cumberland  iron  ore,  a  magnetic  titaniferous  ore  from 
Cumberland,  R.  L,  was  analyzed,  and  vanadic  add  was 
found  to  the  amount  of  0.18  per  cent.  As  this  analysis 
seemed  to  confirm  the  above  view,  I  determined  to  test 
the  question  still  further  by  analyzing  separately  the 
magnetic  and  titanif^x>us  portions  of  one  of  the  iron 
sands.  For  this  purpose  I  selected  the  titaniferous  iron 
sand  from  Long  Island ;  equal  weights  of  the  magnetic 
and  the  titaniferous  portions  of  the  ore  were  analyzed, 
with  the  following  results : 

Per  cent  of  vanadic  acid,  y«0»,  in  magnetic  portion, 
0.04.  Per  cent,  of  vanadic  acid,  V«Ot,  in  titaniferous 
portion,  0.08. 

If  we  remember  that  the  titaniferous  portion  of  the 
ore  includes  the  large  amount  of  sand  and  other  im- 
purities which  are  constituents  of  this  ore,  we  see  that, 
as  expected,  the  vanadic  acid  is  in  iron  ores  principally 
associated  with  the  titaniferous  portions.  The  per 
centage  of  vanadic  acid  in  this  sample  as  a  whole  is 
as  follows : 

V.O. 
Magnetic  portion,  19.60    containing  0.007 

Non-magnetic  portion,   80.40  '*  0.064 


100.00        Total  0.071 

The  method  used  in  the  examination  of  the  secon- 
dary iron  ores  was  by  fusion  with  five  times  their 
weight  of  a  mixture  of  equal  parts  of  sodic  carbonate 
and  flowers  of  sulphur,  extraction  with  water,  preci- 
pitation of  the  vanadic  sulphide,  mixed  with  sulphur, 
by  chlorohydric  acid,  and  removal  of  the  sulphur  by 
carbon  disulphide.     It  was  noticed  that  from  these 
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ores  a  larger  amount  of  imparities  is  taken  up  by  the 
fusion  and  carried  into  the  final  precipitate  of  yanadic 
sulphide  than  is  the  case  with  the  magnetites.  No 
quantitative  determinations  of  tlie  amount  of  vanadic 
acid  were  made  in  the  secondary  iron  ores. 

With  the  exception  of  five  ores,  vanadium  is  present 
in  only  minute  traces  in  the  samples  examined.  It  waa 
found,  too  late,  that  one  gramme  of  ore  is  not  sufiicient 
to  give  amounts  of  vanadic  acid  large  enough  for 
complete  determinative  tests.  Four  or  five  grammes 
of  ore  should  be  taken  for  analysis  in  the  case  of  these 
ores.  The  examination  being  made  with  one  gramme 
of  ore  in  all  cases,  and  the  flux  and  treatment  being 
the  same  for  each  sample,  the  resulting  precipitates  of 
vanadic  sulphide  can  be  very  closely  classed  together 
by  an  inspection  of  the  filters  containing  such  precipi- 
tates. 

In  order  to  identify  the  precipitate  of  vanadic  sul- 
phide where  it  is  present  in  very  small  amount,  it  is 
well  to  employ,  in  addition,  a  blowpipe  test  Vanadic 
acid  with  borax  in  the  oxydizing  flame  is  dissolved  to 
a  limpid  glass,  which,  when  the  quantity  of  vanadic 
acid  is  small,  is  colorless;  when  larger,  yellow;  and 
on  cooling  becomes  greenish.  In  the  reducing  flame 
the  glass  while  hot  apjieara  brownish,  and.  assumes  a 
fine  green  color  on  cooling.  A  very  characteristic 
reaction  is  that  given  in  the  reducing  flame,  when  a 
certain  quantity  of  vanadic  acid  will  g^iye  a  colorless 
bead,  and  immediately  on  removal  from  the  flame  a 
spot  of  brownish-red  color  forms  with  streaks  shooting 
throughout  the  bead. 

I  am  indebted  for  the  samples  of  secondary  iron 
ores,  other  than  those  from  Alabama,  to  the  kindnesa 
of  Professor  Newberry,  and  for  those  from  Alabama  to 
Professor  Eugene  A.  Smith  of  that  State. 

In  the  following  list  the  amount  of  vanadic  acid  ia 
not  over  0.10  per  cent,  judging  from  the  amount  of 
the  precipitates  of  vanadic  sulphide  found : 
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Hematite  in  fiasure  of  Trenton  limestone,  Mannora,. 
Canada  West 

Staten  Mand  ore,  Staten  Island,  N.  T. 

Iron  Mountain  ore,  Missouri.    . 

Hematite,  8t  Clair  Co.,  Alabama. 

Fossiliferons  ore,  Lewistown,  Pensylvania. 

In  the  following  list  the  amount  of  vanadic  acid  ia 
very  small,  and  in  most  of  the  ores  it  is  present  in 
mere  traces : 

ff 

Hematite,  Jefferson  Co.,  Ala. 

Fossiliferons  ore,  Rockwood,  Roan  Co.,  Tenn. 

Limonite,  cone  ore,  Shaftsbury,  Yt 

Clinton  iron  ore,  Clinton,  K.  T. 

Specular  iron  ore,  Marquette,  Mich. 

Specular  iron  ore,  near  Paranan,  Utah. 

Limonite,  Talludega  Co.,  Ala. 

Limonite,  Etowah  Co.,  Ala. 

Limonite,  Bibb  Co.,  Ala. 

Limonite,  Staten  Island,  N.  Y. 

Rossie  ore,  Rossie,  N.  T. 

Bog  iron  ore,  Sylyania,  Ohio. 

Spathic  iron  ore,  Rozbury,  Conn. 

Specular  iron  ore.  Bill  William's  Fork,  Colorado 
Riyer. 

Black  Band  ore,  Pottsville,  Pa. 

Vanadium  occurs,  therefore,  in.  the  largest  amounts 
in  the  primary  iron  ores,  as  shown  by  Dr.  Walz  in  his 
paper  read  before  the  American  Chemical  Society, 
June  1,  1876.  It  is  present  in  small  amounts  in  the 
secondary  iron  ores,  as  shown  by  my  examination  of 
the  aboye-named  ores ;  and  the  observation  of  Dr.  A« 
A.  Hayes,  in  his  paper  presented  to  the  American 
Academy  of  Sciences,  Jan.  12,  1875,  that  vanadium  ia 
widely  diffused  in  the  waters  of  drainage,  is  in  perfect 
accordance  with  these  results. 
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XVI. — Some  Nbw  Acid  Ahmonium  Sulphates. 

BT  PAUL  SCHWEITZER,  FH.D. 

(R«Ad  Jnly  0,1870.) 

In  the  coarse  of  an  investigation  into  the  methods 
of  determining  sulphuric  acid,  I  subjected  ammonium 
sulphate  to  yarious  degrees  of  heat  and  noted  the  loss 
which  it  sustained  by*  decomposition  ;  certain  regular- 
ities were  thereby  observed,  which  led  me  to  determine 
the  quanity  of  sulphuric  acid  in  the  products  obtained, 
from  which  I  deduce  the  existence  of  at  least  one  new 
compound  of  ammonium  and  sulphuric  acid. 

Neutral  ammonium  sulphate,  exposed  to  a  moderate 
degree  of  beat,  loses  at  first  quietly  and  without  effer- 
vescence, one-half  of  its  ammonia ;  and  then,  with  rising 
temperature  and  under  lively  effervescence,  an  addi- 
tional fourth  of  ammonia  and  of  sulphuric  acid.  In 
the  former  case  the  requisite  temperature  is  a  little 
higher  than  the  boiling  point  of  mercury,  and  the  mass 
of  a  pasty  and  viscous  condition ;  in  the  latter  case 
below  incipient  red  heat,  and  the  mass  a  thin  mobile 
liquid  in  a  lively  state  of  effervescence ;  both  condi- 
tions are  easily  observed  and  products  obtained  of  a 
uniform  composition ;  in  f&ct,  in  the  latter  case,  the 
mass  may  be  cooled  at  any  time  before  complete 
volatilization,  and  furnish  the  salt  in  question.  Both 
salts  present,  after  cooling,  crystalline  masses  of  greater 
toughness  but  inferior  hardness  than  melted  potassium 
bisulphate,  to  which  they  bear  a  general  resemblance ; 
they  absorb  water  but  slowly,  and  ammonia  from  a 
dry  atmosphere  with  extreme  reluctance. 

1.  {NH4)9.80u  Ammonium  Sulphate. — The  salt 
employed  was  pulverized  and  dried  at  100^  C,  and 
conUined  in  1.5081  gr.=2.6728  gr.  BaSO4=0.9177 
gr.  SOs=60.8514  per  cent.,  and  may  be  supposed  to 
have  been  pure,  as  theory  would  require  60.6061  per 
cent  of  SOs. 
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2.  NHM.SOa.  Ammonium  BimdphaU, — ^The  pre- 
Tioas  Bait  was  heated  until  the  thick  pasty  mass  ceased 
to  give  off  ammonia,  when  it  was  analyzed,  yielding 
in  1.7980  gr.=8.6180  gr.  Ba8O4=1.2408  gr.  80i= 
69.1746  per  cent.  It  was  then  heated  for  fifteen 
minutes  longer,  when  it  gave  on  analysis  in  1.9267 
gr.=8.9004  gr.  BaSO4=1.3890  gr.  80i=69.4971  per 
•cent.  No  change  had  taken  place  in  the  composition 
of  the  substance  by  the  second  heating,  which  is 
proof,  I  think,  of  the  existence  of  a  stable  compound. 
The  acid  sulphate  requires  by  theory  69.5652  per  cent 
•of  80i. 

8.  {NRk)%  Ha  (80i)t^,  Biammonium  Tetrcthydrogen 
SulphiU. — ^The  remainder  of  the  previous  salt  was 
lieated  higher,  until  eifervescence  set  in  and  -i  gr. 
had  been  volatilized  off;  it  gave  on  analysis  in  1.2159 
gr.=2.5681  gr.  BaSO4=0.8818  gr.  80,=72.5224  per 
•cent.  The  rest  was  heated  a  second  time,  until  another 
8  gr.  had  been  volatilized,  when  the  remainder  was 
analyzed,  giving  in  0.8687  gr. =1.8358  gr.  BaS04=. 
0.6801  gr.  80«=72.9586  per  cent 

There  is  no  difference  in  the  two  results,  which  agree 
closely  with  the  percentage  of  sulphuric  acid  in  a  more 
acid  ammonium  sulphate,  which,  if  of  the  above 
formula,  requires  78.1717  per  cent  of  S0«.  There  wag 
no  trace  of  sulphurous  acid  found  in  the  salt. 

The  reactions,  according  to  which  the  two  salts  are 
probably  obtained,  are  these : 

1.  (NH4)«804  =  NH4H.  8O4  +  NH,. 

2.  4(NH4H804)  =  (NH4).H4(804)i  +  80,  +  2H,0  + 

:n.+H4. 

Of  other  analyses  made  of  products  obtained  by 
the  application  of  a  lower  degree  of  heat,  I  mention 
two  more,  which  correspond  to  a  salt  of  the  formula 
(NH4)4H«(80«)«,  which  requires  66.2988  per  cent  of 
80t,  without,  however,  having  verified  the  existence 
of  this  salt  by  additional  experiments.  It  occupies 
4ibout  the  relative  position  to  the  preceding  salt  that 
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neutral  ammonium  sulphate  occupies  to  the  ordinary 
bisulphate;  these  are  the  figures:  2.1789  gr.=4'.1934 
gr.  BaS04=1.4896  gr.  SOt=66.221  per  cent  1.4495- 
gr.-2.8077  gr.  BaSO4=0.9639  gr.  SO,=66.499  per 
cent 

Ammonium  bisulphate,  placed  under  a  bell- jar  with 
a  Tessel  containing  water,  increased  in  weight  by  ab- 
sorption in  the  following  ratio : 

1.8896  gr.  NH4HSO4. 

1.0489  "   =  8.159  per  cent  after  24  hours. 
0.1089   "   =  7.887       "  "     two  days. 

0.1887  "  =9.981        "  "     three    " 

Another  sample,  placed  in  an  atmoi^phere  of  am- 
monia, generated  from  a  mixture  of  sal  ammoniac 
and  slacked  lime,  increased  in  weight  in  the  following 
manner: 

2.1251  gr.  KH4H.  8O4. 
0.0024  '*   =  0.118  per  cent,  after  24  hours. 
0.0080   "   =  0.141  per  cent  after  two  days. 
0.0088  "   =  0.179       "  **     three    " 

Btatb  TJwrrmmBXt  or  Mumoubl 


XVIL — PROCBEDINOS. 

Bef^iir  Meeting^  September  7,  1876. 

Prol  Chakdlsb  in  the  chair.    25  members  present 

Ths  following  were  elected : —i/<mi5^« ;  C.  Eltoik 
Buck,  Wilmington,  Del. ;  Alonzo  Chase,  Albany,  N.Y. ; 
Geo.  W.  Hawes,  New  Haven,  Conn. ;  John  W.  Langley,. 
Ann  Arbor,  Mich. ;  Dr.  C.  A.  Martins,  Berlin,  Ger- 
many ;  WuL  Schrage,  Sheboygan,  Wis. ;  Wm.  T.  Wen- 
zell,  San  Francisco,  Cal. ;  Chas.  King  and  E.  G.  Love, 
New  York.  Ateoeiatee :  Douglass  Campbell,  Chas.  W- 
Havemcyer,  Wm.  O.  Stoddard,  New  York;  W.  D. 
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Russell,  Newark,  N.  J. ;  Qeorge  Shepard  Page,  Stanley, 
N.  J.    The  following  were  proposed  : — Members :  Chas. 
A.  Pitkin,  Newport,  R  I. ;    Prof.    Mariano  Barcena 
Mexico ;  Wm.  Hodgson  Ellis,  Toronto,  Canada ;  Bruno 
Teme,   Chicago,  111. ;  Otto  Wuth,   Pittsburgh,   Pa. ; 
8.  A.  Goldschmidt,  New  York.     Associat  s:  W.  R. 
Elmenhorst,  Jei-sey  City,  N.  J. ;  P.  Munziger,  Philadel- 
phia, Pa. ;  Frederick  W.  Senff  and  Jas.  C.  Bay  lis. 
New  York. 
The  following  papers  were  read : 
A.  Bourgougnon : — Pennsylvania  Petroleum. 
P.  P.  Dennington  (University  of  Virginia) : — Method 
of  Determining  Sulphur  in  Coal. 

P.  Casamujor: — Estimation  of  Potassium  as  Potas- 
sium Tartrate. 
Adjourned. 

I.  Walz,  Meearding  Secretary^ 


XVIII.  —Pennsylvania   Petrolbuh. 

BY  A.   BOURGOUGNON. 

(Bead  Sept.  7, 1976.) 

The  subject  of  this  communication  is  the  composi- 
tion of  Pennsylvania  crude  petroleum  as  sold  in  the 
New  York  market  The  composition  of  this  oil  differs 
from  that  of  the  oil  which  is  taken  directly  from  the 
wells,  since  it  is  known  tlmt  the  tanks  are  filled  with 
oil  yielded  by  several  wells,  and  the  product  of  two 
wells,  even  in  the  same  neigiiborliood,  sometimes  differs- 
greatly. 

In  the  next  communication  I  will  be,  able  to  bring 
before  the  Society  the  result  of  the  analyses  of  several 
samples  of  crude  oil  taken  directly  from  the  wells. 

According  to  Rule  Four  of  the  New  York  Produce 
Exchange,  crude  petroleum  is  understood  to  be  pure 
natural  oil,  neither  steamed  nor  treated,  and  free  fron^ 
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water,  sediment,  or  any  adulteration,  and  of  a  gravity 
of  44**  to  48''  Banm^.  An  allowance  shall  be  made  to 
the  buyer,  of  one  half  of  one  per  cent  for  every  quarter 
of  a  degree  above  48°  gravity. 

The  specific  gravity  of  the  New  York  crude  oil 
ranges  generally  from  0.790  to  0.800,  coiresponding  to 
48°  to  46°  of  Baum^^s  areometer,  at  the  temperature  of 
15°  C. 

The  odor  of  the  pure  crude  oil  is  sui  gmierU^  and 
not  of  a  very  offensive  character ;  it  is  true  that  some- 
times complaints  have  been  made  against  the  smells 
pro<luced  in  .the  refineries,  but  these  very  offensive 
odors  are  produced  only  when  the  crude  oil  or  residues 
are  superheated,  with  the  view  of  ^*  cracking  '^  the  oil« 
in  order  to  produce  a  larger  percentage  of  kerosene. 

The  color  is  very  variable ;  some  oils  being  dark, 
others  only  light  colored.  The  color  is  generally  green, 
affecting  a  brownish  tinge  through  transmitted  light 
The  oil  known  in  the  market  under  the  name  of  Par- 
ker's Landing  oil  is  of  a  pale  brownish  color. 

The  coefiScient  of  expansion  of  the  crude  oil  varies 
from  a00082  to  0.00086,  according  to  the  amount 
of  naphtha  contained  in  the  oiL  These  coefiicientB 
are  in  relation  to  the  gravity  of  the  crude  oil,  and  for 
the  products  of  distillation  the  following  numbers  can 
be  generally  adopted  with  satisfactory  results : 
Under  0.700  gravity  at  16"  C,  0.00090 

Above  0.700  to  0.750        "  "         0.00085 

"    0.750  "  0.800        "  "         0.00080 

"    0.800  "  "         0.00070 

The  knowledge  of  these  coefilcients  is  important,  as 
it  aids  in  calculating  the  empty  Bpace  which  must  be 
allowed  in  the  vessels  containing  the  oiL  This  space 
will  be : 

V.K.50. 
V  representing  the  volume  of  the  oil,  E  the  coefficient 
of  expansion,  and  supposing  that  the  oil  is  to  be  sub- 
mitted to  a  change  of  temperature  of  50**. 
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In  each  transaction  of  petroleum,  the  oil  is  to  be 
analyzed,  and  inspectors  are  licensed  for  this  purpose 
by  the  New  York  Produce  Exchange. 

Generally  the  inspectors  examine  the  density  and 
the  odor,  and  how  the  oil  feels  with  the  fingers,  and 
make  a  fractional  distillation  in  tenth  parts,  giving  a 
report  stating  that  the  oil  does  not  contain  more  than 
serenteen  per  cent,  of  naphtha. 

When  first  I  inspected  crude  oil,  I  made  also  frac- 
tional distillations  in  tenths ;  but  very  soon  I  rejected 
this  system,  because  I  could  not  in  this  way  determine 
the  exact  proportion  of  naphtha  contained  in  the  oil, 
and  this  determination  is  very  important  to  the  bpyer, 
since  the  crude  oil  is  taxed  in  foreign  countries  accord- 
ing to  the  quantity  of  naphtha  contained  in  it. 

To  give  more  accuracy  to  my  results,  I  made  the 
distillations  in  one  hundredth  parts,  and  I  will  add  that 
this  is  the  only  way  to  obtain  a  correct  analysis  of 
crude  oil,  and  also  the  real  percentage  of  naphtha, 
benzine,  burning  oil,  etc 

The  following  analysis,  made  by  fractional  distilla- 
tion in  one  hundredth  parts,  will  show  the  average 
composition  of  the  crude  petroleum  of  the  New  York 
market: 
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OOlfFOBITXOK. 

The  eoxnporition  of  the  crade  oil  famished  by  the 
above  distillation  is  as  follows : 

Naphtha,      0.700  specific  gravity,  17  per  cent. 
Benzine,        0.730  "  9      '* 

Burning  oil,  0.788  "  64      " 

Residuum — ^Loas,  .  10      ** 

The  specific  gravity  of  the  crude  oil  was  0.7982,  or 
46.5^  Baum6. 

All  the  above  specific  gravities  are  corrected  for  the 
temperature  of  15^  C. 

Very  often  the  crude  oil  does  not  contain  so  much 
naphtha,  but  generally  the  New  York  oil  will  famish : 
12  to  15  per  cent  naphtha^       at  0.700  sp.  gr. 
9  "  12      "         benzine,         "  0.780       *• 
«ndabout60      "         burning  oil,  "  0.795       " 

The  residuum  contains  about  2|  per  cent,  of  dry 
paraffine,  calculated  for  the  quantity  of  crude  oil  sub- 
mitted to  distillation . 

During  the  distillation,  the  products  are  more  and 
more  heaVy  until  the  heat  produced  decomposes  the 
•oil  in  the  still,  then  the  oil  is  dissociated,  and  by  this 
dissociation,  or  *'  cracking,"  lighter  and  also  more  in- 
flammable products  are  obtained.  At  the  same  time 
this  decomposition  is  accompanied  by  a  formation  of 
carbon,  which  is  deposited  in  the  still,  and  gases  of 
a  Tery  offensive  odor  pass  ofE  with  the  oiL  Some 
refineries  are  provided  with  apparatus  to  collect  and 
bum  these  gases. 

The  average  daily  consumption,  as  near  as  can  be 
estimated,  is  6,000  barrels  per  day  of  refined  oil  in  the 
United  States ;  of  this  Cleveland  refines  },  New  York 
i,  Pittsburgh  and  other  small  places  i. 

Cleveland  supplies  all  the  West,  and  also  a  large 
part  of  the  Eastern  States;  Pittsburgh  supplies  the 
South  and  South-west,  and  New  York  the  Middle  and 
South  Atlantic  States. 
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The  regular  dealing  in  petroleum  dates  from  1859^ 
and  the  yearly  production  since  that  date,  in  the- 
Pennsylyania  oil  regions,  is  as  follows : 


Year. 

Barrels,  4S  Gidlont. 

Year. 

Banela,  49  Gallons. 

1859 

82,000 

1868 

3,715,700 

1860 

500,000 

1869 

4,215,100 

1861 

2,118,600 

1870 

5,659,000 

1862 

3,056,700 

1871 

5«800,000 

1868 

2,611,800 

1872 

6,300,000 

1864 

2,116,100 

1878 

9,888,000 

1865 

2,497,700 

1874 

10,925,973 

1866 

8,597.700 

1875 

8,788,506 

1867 

8,847,300 

EXPOBT  FROM  NEW  YOBK  IN  1875. 

Refined  oil 1,975,967  barrels^ 

Crude     "   195,806 

Naphtha 194,345       " 

Residues 31,090       ** 

Lubricating  oil 2,145       ** 

Total 2,399,353       " 

Refined  oil 2,314,351  cases^ 

Naphtha 5,900      " 

Gasoline 1,000      " 

Total 2,321,251      " 

The  largest  part  of  the  crude  oil  and  naphtha  i» 
sent  to  France,  and  most  of  the  refined  oil  is  sent  to 
Bremen  and  Antwerp;  these  two  places  being  the- 
largest  European  oil  markets. 

The  small  quantity  of  residues  shipped  in  1875  was- 
for  England.  These  residues  are  used  for  the  manu- 
facture of  illuminating  gas.  The  refined  oil  shipped 
in  cases  is  chiefly  for  Turkey,  Spain,  India,  China,  and 
Japan.     A  case  contains  10  gallons. 
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XIX. — Method  of  Detebuining  Sulphur  in   Coal« 

«Y  p.    p.   DUNNINOTON. 

(Road  8«pt.  7,  1878.) 

Having  noticed  in  a  recent  number  of  the  Chemical 
News  the  composition  of  a  Aux  (nitre  202  parts,  and 
carb.  soda  53  parts,  fased)  which  will  not  oxidize 
platinum  at  a  red  heat,  I  found  considerable  diffi- 
culty in  avoiding  loss  of  material  in  its  use  when  much 
effervescence  took  place.  Desiring  to  prevent  the  lat- 
ter, I  found  two  parts  of  lime  sufficient  to  keep  the 
mass  porous.  This  gave  a  ready  means  of  oxidizing 
by  fusion ;  but  lime  sulphate  not  being  very  soluble,  at 
the  suggestion  of  Dr.  J.  W.  Mallet,  I  substituted  mag- 
nesia carbonate,  one  part  proving  sufficient. 

The  flux  readily  obtained  free  of  sulphur  is  kej.t 
dry  in  the  fused  cake,  and  powdered  immediately 
previous  to  use.  The  magnesia  must  be  prepared  free 
of  sulphate. 

The  following  results  were  obtained,  using  a  bitu- 
minous coal,  which  gave  by  fusion  with  potash  .835 
per  cent,  sulphur,  and  a  pyrites  which  gave  by  nitric 
acid  51.05  per  cent,  sulphur: 

1*,  Cq*l 1668  gram.  \  Found.         GakmUted. 

Pyrito!. 02iM6     "     f  —  - 

Flux 8.  '*     f  Snlphnr  .Oinoa 01684 

Magnesia 8.  *'     )      i)erct.      8.6....  8.8 

3«,  Ckwl S98S5  gram.  )               Fouid.  Calculated. 

Pyritea 0890       *'     f                    —  - 

Flux ».              "     I  Sulphur  .0«M5. . .  .0«86 

Magnesia 6.               **      )      i»erct.    (J.76 6.73 

The  balance  employed  indicating  to  -f-^  m.grm. 
Thcst)  dct4.'rminationfi  of  sulphur  in  coal  are  quite  ac- 
curate with  these  small  amounts  of  material,  while 
made  so  readily.   The  following  method  is  employed : 

The  pulverized  coal  is  mixed  with  fifteen  parts  of 
flux,  in  an  agate  mortar  or  glazed  dish,  and  then  fifteen 
parts  of  magnesia  are  added.  The  mixture  is  trans- 
ferred to  a  platinum  crucible,  covered,  and  after  warm- 
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ing,  a  small  flame  of  a  BuDsen  burner  will  complete 
the  fusion  in  two  or  three  minutes.  The  sulphates 
are  readily  removed  from  the  cool  mass  by  three  or 
four  washings  with  boiling  water,  filtered,  acidified 
with  hydrochloric  acid,  warmed,  and  precipitated  as 
dusal  with  barium  chloride,  being  careful  to  purify 
the  precipitate  with  copper  acetate. 

This  addition  of  one  part  magDoda  «or  two  parts  Ume  may  also  bo 
adTant^peotudy  employed  in  fusing  with  this  flax  iron  ore*  mizad 
with  ailicatea,  for  volametric  determinatioiia.  An  iron  ore  (oarlxmate 
and  silicate),  which  roqnired  two  hoars  or  more  to  be  deoompoaed  bj 
hydzoohlorio  acid,  was  mixed :  Ore,  1  part ;  flax,  S  parts ;  magnesia,  8 
parts ;  heated  for  five  minates  over  a  Bansen  bnmer,  after  whidi  all 
the  iron  was  immediately  soluble  in  aoid. 


XX.— Estimation  of  Potabsittm  as  Acid  Tabtkatb. 

BT  p.   CASAliAJOB. 

(Bead  Sept  7, 1870.) 

In  most  cases  which  present  themselves  to  the  chem- 
ist, in  which  potassium  is  to  be  estimated,  it  is  accom- 
panied by  sodium,  and  the  course  usually  pursued  is 
to  estimate  the  potassium  directly  as  platino-potassic 
•chloride.  The  precipitate  obtained  has  the  advantage 
that  its  weight  is  very  great  when  compared  to  the 
weight  of  potassium  in  combination.  There  are  diffi- 
culties, however,  connected  with  the  process,  and 
there  are  cases  in  which  it  is  not  applicable  without 
elaborate  preparation ;  but  platinic  chloride,  although 
exi^ensive,  is  an  excellent  reagent,  and,  in  experienced 
hands,  very  good  results  are  obtained  by  its  use. 

Indirect  processes  are  also  in  use,  one  of  which  con- 
sists in  combining  potassium  and  sodium  with  either 
chlorine  or  sulphuric  acid,  and  in  estimating  the  total 
quantity  of  salts  by  one  operation,  and  the  quantity 
of  either  chlorine  or  sulphuric  acid  by  another  opera- 
tion. From  these  two  quantities  the  potassium  and 
sodium  can  be  calculated.  Very  good  retsuls  are  also 
obtained  by  this  process. 
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There  is  also  a  very  canons  indirect  process  due  to 
Oaj  Lnssac,  to  which  I  call  your  attention,  because  I 
believe  that  it  is  not  generally  known,  and  because  it 
presents  a  singular  example  of  the  expedients  to  which 
•chemists  have  resorted  to  estimate  potassium  in  pres- 
ence of  sodium.    This  process,  which  was  in  use  some 
years  ago  in  French  saltpetre  works,  and  may  still  be 
in  use,  is  based  on  the  following  facts:     When  60 
grammes  of  pure  chloride  of  potassium  are  dissolved 
in  200  cubic  centimetres  of  water,  the  temperature  of 
the  liquid  faUs  11 A^  Centigrade.      If  we  take  50 
grammes  of  chloride  of  sodium,  the  fall  of  tempera- 
ture will  be  only  1.0^  C.    Oay  Lussac  has  directed 
that  the  glass  vessel  in  which  the  solution  takes  place 
should  weigh  185  grammes,  a  point  of  some  impor- 
tance, as  the  vessel  must  acquire  the  temperature  of 
the  liquid  it  contains.    To  test  a  mixture  of  potassium 
and  sodium  salts,  they  are  brought  in  the  first  place 
to  the  state  of  chlorides  and  dried,  and  50  grammes  of 
the  mixture  are  taken  and  dissolved  in  200  cubic 
centimetres  of  water.    A  decrease  of  temperature  is 
noted,  and  the  proportions  of  potassium  and  sodium 
chlorides  are  obtained  from  a  table  in  which  these 
proportions  are  placed  opposite  numbers  indicating 
the  decrease  of  temperature.    If  this  table  is  not  at 
hand,  the  quantity  of  potassium  chloride,  in  100  parts 
of  the  mixture,  may  be  found  by  calling  the  percent- 
age of  chloride  of  potassium  x^  and  the  decrease  of 
temperature  in  degrees  C,  d.  Then  100  —  s  will  be  the 
percentage  of  sodium  chloride,  and  we  shall  have : 

100  d  =  11.4  «+  1.9(100-«) 
100c2=:lt.4«+  100- 1.9  « 
100  d=    9.6  0  +  190 

100  d  - 190 
whence  x  = ^-= • 

My  purpose  this  evening  is  to  describe  a  process  for 
the  estimation  of  potassium  as  acid  tartrate,  a  process 
which  has  the  advantage  of  being  direct,  and  which 
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giyes  results  much  more  rapidly  than  can  be  obtained 
by  any  other  means,  while  for  accuracy  they  compare 
favorably  even  with  those  obtained  by  platinic 
chloride. 

The  occasion  which  led  me  to  estimate  potassium  as 
acid  tartrate  was  a  series  of  experiments  on  the  pro- 
ceas  of  Messrs.  Duncan  and  Newlands  for  separating 
potassium  from  the  low  products  of  sugar-houses  by 
the  addition  of  'sulphate  of  alumina,  and  the  conse- 
quent production  of  potassium  alum.  To  ayoid  an 
excess  of  sulphate  of  alumina,  which  would  be  a 
waste,  it  became  necessary  to  ascertain  the  quantity  of 
potassium  in  each  batch  of  products.  For  this  de- 
termination  platinic  chloride  is  not  very  well  adapted,, 
as  the  first  requisite  was  celerity  rather  than  accuracy.. 
The  use  of  platinic  chloride  requires,  in  the  first, 
place,  a  thorough  destruction  of  the  organic  matter  by 
heat.  The  ashes,  obtained  as  sulphates,  are  treated,  in., 
the  next  place,  by  an  excess  of  barytic  chloride,  which, 
giyes  a  solution  containing  the  chlorides  correspond- 
ing to  the  sulphates  in  the  ashes,  and  an  excess  of 
bwrytic  chloride.  From  this  solution,  properly  re- 
duced in  volume,  potassium  may  be  precipitated  by 
platinic  chloride. 

Instead  of  this  series  of  preparatory  operations,  to 
be  followed  by  those  required  by  the'  nature  of  the 
double  chloride,  it  occurred  to  me,  at  first,  to  treat  a 
small  quantity  of  the  low  saccharine  product  by  an 
excess  of  sulphate  of  alumina,  and,  from  the  quantity 
of  alum  obtained,  to  calculate  that  of  sulphate  of 
alumina  required  for  the  quantity  of  low  products  to 
be  treated  on  a  large  scale.  This  idea  afterwards  led 
to  that  of  substituting  tartaric  acid  for  sulphate  of 
alumina,  and,  on  trying  tartaric  acid,  the  results  were 
so  uniform  and  satisfactory  that  I  was  induced  to  ap- 
ply it  to  the  determination  of  potassium  in  compounds 
of  all  kinds. 

Cream  of  tartar  presents,  oyer  every  other  com* 
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*ponnd  of  potassium,  the  incomparable  advantage 
"that,  while  its  solubility  is  very  feeble,  the  estimation 
of  it  by  a  titrated  alkaline  solution  is  an  operation 
that  only  takes  a  few  minutes.  To  determine  the 
quantity  of  cream  of  tartar  that  we  may  have  to 
4Uialyze,  it  can  be  placed  in  a  beaker  glass  with  a  suf- 
ficiency of  water,  which  it  .is  advantageous  to  heat,  to 
increase  the  solubility  of  the  acid  -tartrate.  A  few 
drops  of  litmus  solution  will  impart  a  red  color,  which 
will  persist  as  long  as  any  cream  of  tartar  remains  in 
t)ie  solution.  If  now  we  add  a  solution  of  potassa, 
drop  by  drop,  to  the  contents  of  the  beaker  glass,  the 
acid  tartrate  will  be  converted  to  the  basic,  and,  while 
the  change  is  going  on,  the  unconverted  cream  of 
tartar  will  continue  to  color  the  litmus  red.  When 
the  last  particle  of  acid  tartrate  has  been  converted  to 
the  basic,  an  addition  of  the  smallest  partide  of 
potassa  solution  will  turn  the  litmus  blue.  We  may 
now,  note  that  the  quantity  of  pOtassa  added  to  con- 
vert the  acid  tartrate  into  the  basic  is  exactly  the 
-tame  as  the  quantity  already  in  combination  as  acid 
tartrate.  We  may  note,  moreover,  that  the  equivalent 
of  cream  of  tartar  is  exactly  four  times  greater  than 
the  equivalent  of  potassa,  so  that  if  we  have  added  one 
-  gramme  of  potassa  to  turn  the  litmus  blue,  we  must 
have  had  four  grammes  of  acid  tartrate,  holding  in 
combination  one  gramme  of  potassa.  After  every  ad- 
dition of  potassa,  the  contents  of  the  beaker  should 
he  thoroughly  stirred,  to  dissolve  the  portions  of  acid 
tartrate  which  are  undissolved,  but  which  gradually 
become  soluble  as  potassa  is  added.  Before  the 
change  to  the  basic  condition  is  complete,  the  crys- 
tals of  bitartrate  disappear,  and  the  red  solution  be- 
•<:omes  perfectly  clear.  This  is  an  indication  that  the 
end  is  near. 

That  acid  tartiate  of  potassium  is  so  well  adapted 
to  being  tested  by  the  titrated  alkaline  solution  is  the 
H^uality  which,  combined  with  its  feeble  solubility, 
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recommended  it  as  the  oomponnd  in  which  to  obtain 
potasmum  for  analysis.  We  must,  however,  increase 
its  insolnbility  if  accurate  results  are  to  be  obtained, 
and  this  can  be  easily  accomplished  by  means  of 
alcohoL 

The  insolubility  of  cream  of  tartar  in  a  mixtare  of 
alcohol  and  water  is  greater  than  in  pure  water.  The 
following  table,  given  by  Chancel,  shows  the.  solu- 
bility of  cream  of  tartar  in  water  at'  several  tem- 
peratures. 

100  0.C  of  wat«r  dl*> 
DegTMs  0.  Rolv«  gtmmniea  of 

cevmh  of  tuter. 

»       *       »  * ' te 

0 0.24 

5 0.80 

10 0.87 

15 0.45 

20 0.55 

25 0.67 

80 0. 805 

85 0.96 

40 1.18 

Having  had  occasion  to  use  this  table  repeatedly,  1 
have  verified  these  numbers  and  found  them  correct. 

Chancel  has  also  given  us  another  column,  repre- 
senting the  number  of  grammes  of  cream  of  tartar 
which  100  cc.  of  water,  containing  10  per  cent, 
alcohol,  will  dissolve  at  the  same  temperatures.  These- 
numbers  are  nearly  57  per  cent,  of  those  correspond- 
ing to  pure  water. 

To  discover  the  minimum  of  alcohol  which  wiU^ 
render  a  mixture  with  water  incapable  of  dissolving- 
cream  of  tartar,  a  great  many  experiments  were  made, 
and  it  was  found  that  the  mixture  containing  60  per 
cent,  of  alcohol  fulfils  this  condition.  By  bringing 
all  the  liquids  containing  acid  tartrate  of  potassium 
to  the  condition  of  containing  at  least  60  per  cent  of 
alcohol  in  volume,  I  have  been  al>le  to  obtain  the 
whole  potassium  in  the  shape  of  insoluble  cream  of 
tartar. 
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Alcohol  of  this  ttraiigth  is  not,  howeTer»  to  be  used 
from  the  first,  as  it  may  in  some  cases  interfere  with 
the  solution  of  the  compounds  to  be  analyzed,  and 
sometimes  our  potassium  may  be  precipitated  in  other 
forms  than  cream  of  tartar.  It  should  only  be  used  at 
the  last  stage,  immediately  before  throwing  the  pre- 
cipitate on  a  filter,  so  that  the  acid  tartrate  in  solution 
may  be  thrown  down.  It  should  also  be  used  to  wash 
the  precipitate  on  the  filter,  to'  free  it  from  tartaric 
and  acetic  acid,  as  we  shall  see  hereafter. 

To  enable  me  to  explain  the  method  of  procedure 
in  estimating  potassium  as  acid  tartrate,  let  me  take 
the  simplest  case  which  can  present  itself,  which  is  the 
analysis  of  a  solution  of  pure  potassa  in  water.  Sup- 
pose we  have  a  deci-normal  solution  of  potassa,  con- 
taining 47  milligrammes  of  potassa  for  every  cubic 
centimetre  of  solution.  If  we  drop  10  cc.  in  a 
beaker  glass,  we  may  convert  the  whole  of  it  into  acid 
tartrate  if  we  add  a  sufficient  quantity  of  tartaric  acid. 
As  to  what  constitutes  a  sufficiency,  we  may  note  that 
there  ought  to  be  enough  to  precipitate  all  the  potas- 
sium to  be  tested,  the  minimum  being  four  times  as 
much  acid  as  there  is  potassium  in  the  compound. 
We  may,  however,  use  a  quantity  of  tartaric  acid  six 
times  greater  than  the  quantity  of  potassium  to  be 
precipitated.  Beyond  this,  in  the  presence  of  alco- 
hol, the  precipitate  is  apt  to  contain  an  excess  of  acid. 
I  am  unable  to  say  in  what  shape  this  excess  of  acid 
exists,  but  if  we  use  a  marked  excess  of  tartaric  acid, 
as  much  as  ten  or  twelve  times  more  than  the  potas- 
sium to  be  precipitated,  the  test  by  a  titrated  solution 
of  potasnum  will  give  an  excess  of  2  or  8  per  cent  If 
we  have  any  means  of  getting  approximately  at  the 
quantity  of  potassium  in  a  substance  to  be  tested,  we 
should  use  six  times  as  much  tartaric  acid  as  the  sup- 
posed quantity  of  potassium.  If,  on  making  the  test, 
we  should  find  that  we  have  gone  too  wide  of  the 
mark,  the  quantity  obtained  in  a  first  test  will  allow 
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us  to  determine,  to  a  oertaioty,  the  quantity  to  be 
used  in  a  subsequent  analysis.  As  every  test  takes 
less  than  one  hour,  both  tests  together  will  take  up 
less  time  than  a  single  analysis  by  any  other  process. 

If  we  should  be  in  entire  ignorance  of  the  quantity 
of  potassium  in  a  compound  to  analyze,  we  should 
take  a  large  quantity  of  tartaric  acid,  not  more,  how- 
ever, than  three  times  as  much  as  the  quantity  of 
material  weighed  for  analysis,  as  the  monosulphide, 
which  is  the  compound  having  the  greatest  percent* 
age  of  potassium,  has  71  per  cent.,  which,  multiplied 
by  4,  gives  9.84.  The  next  in  order,  potassic  hydrate, 
has  nearly,  but  not  quite,  70  per  cent. 

To  return  to  the  10  c.c  of  deci-normal  solution, 
we  may  note  that  they  contain  47  centigrammes  of 
potassa,  corresponding  to  80  e.g.  of  potassium. 
We  may  then  weigh  approximately  2  grammes  of 
tartaric  acid,  which  is  a  little  less  than  six  times  the 
quantity  of  ])otaasium  to  be  precipitated.  ^  This  acid 
is  dissolved  and  added  to  our  10  c.c.  of  deci-normal 
solution.  The  liquid  should  now  be  stirred  sufSciently 
to  make  a  thorough  mixture  of  the  solutions  of 
potassa  and  tartaric  acid.  The  crystals  begin  to  de- 
posit almost  immediately,  and  the  deposition  increases 
for  about  five  or  six  minutes,  when  it  stops,  and  the 
liquid  clears  up.  Alcohol  should  now  be  added  to 
increase  the  precipitate.  This  addition,  however,  re- 
quires a  few  words  of  explanation. 

As  the  result  of  numerous  estimations  of  potassium 
in  compounds  of  various  kinds,  I  have  found  it  ad- 
vantageous to  add,  at  iirst,  only  a  small  quantity  of 
alcohol,  a  volume  about  -^d  of  the  liquid  in  the  beaker 
glass.  After  this  addition,  the  liquid  should  be 
stirred  sufficiently  to  effect  a  thorough  mixture,  and 
then  be  allowed  to  rest  five  or  six  minutes,  when  the 
liquid  above  the  precipitate  becomes  clear  once  more. 
Finally,  the  rest  of  the  alcohol  should  be  added,  a 
quantity  sufficient  to  make  the  whole  liquid  in  the 
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beaker  glfiss  contain  at  least  60  per  cent  of  alcohol  in 
volnme.  The  liquid  in  the  beaker  should  be  stirred 
up  onoe  more,  and  after  becoming  dear  it  should  be 
thrown  on  a  filter. 

To  insure  in  an  easj  manner  a  quantity  of  alcohol 
equal  to  (N>  per  cent  of  the  total  volume  of  liquid,  I 
mark  on  the  side  of  a  beaker  glass  a  line  correspond- 
ing to  50  CO.,  which  is  easily  done  with  a  file  pre- 
Tiously  moistened  with  petroleum  or  spirits  of  tur- 
pentine, to  prcTent  the  abrasion  from  cracking  the 
glass.  Fifty  cubic  centimetres  are  quite  sufficient 
when  we  take  one  gramme  of  material  for  analysis. 
The  volume  of  the.  beaker  glass  should  be  at  least  200 
€.c.  This  volume  of  50  cc.  is  for  the  solution  in 
water  before  adding  alcohol. 

In  the  case  we  have  on  hand  we  have  dropped  10 
C.C  of  deci-normal  solution  of  potassa  in  a  glass,  and 
added  a  solution  of  tartaric  acid.  We  may  now  add 
water  up  to  the  mark  indicating  50  c.c. 

On  the  other  hand,  we  have  strong  alcohol;  say  of 
08|  per  cent.,  which  is  the  strongest  common  alcohol 
found  in  the  market,  and  which  is  sold  under  the 
name  of  95  jier  cent,  alcohol.  I  have  no  intention  of 
giving  rules  for  mixtures  of  alcohol  and  water,  which 
are  familiar  to  most  chemists.  In  this  case,  I  will  call 
your  attention  to  this:  that  if  you  add  100  cc  of 
98i  per  cent,  alcohol  to  the  50  cc.  of  liquid  in  the 
beaker  glass,  the  result  wiU  be  150  cc,  and  if  we 
divide  08i  by  150,  the  result,  .628,  will  be  the  strength 
of  alcohol  required. 

After  adding  about  10  c.c.  of  strong  alcohol  to 
the  50  cc  of  solution  in  our  beaker  glass,  we  finally 
add  the  rest  of  the  100  cc  After  the  deposition  of 
crystals  has  stopped,  the  contents  of  the  beaker  are 
thrown  on  a  filter.  It  is  very  important  when  there 
is  sodium  present  not  to  wait  too  long  before  throwing 
the  precipitate  on  the  filter,  as  otherwise  the  results 
obtained  are  inaccurate.     I  propose  to  examine  this 


106 


question  in  a  fntim  communication.  The  liquid  that 
filters  through  gives  a  distinct  rod  color  to  litmus 
paper.  The  precipitate  on  the  filter  should  now  be 
washed  with  alcohol  of  60  per  cent,  until  the  filtered 
liquid  ceases  to  show  a  red  color  with  litmus  paper. 
The  precipitate  after  this  is  ready  to  be  washed  down 
into  a  beaker  glaas  to  be  tested  with  potassa,  after  the 
liquid  in  the  glass  has  been  sufficiently  heated  and 
colored  with  litmus. 

The  glass  containing  cream  of  tartar  in  water  is 
placed  under  a  burette,  and,  if  the  operation  has  been 
carefully  conducted,  it  will  take  exactly  10  cc.  of 
the  deci-normal  potassa  solution  to  turn  the  liquid  in 
the  beaker  glass  from  red  to  blue. 

The  condition  of  a  solution  containing  only  potassa 
and  water  is  one  that  very  rarely,  if  ever,  presents 
itself  in  chemical  analysis,  and  we  have,  in  the  next 
place,  to  ascertain  the  influence  of  bodies  which  are 
usually  found  in  combination,  or  in  a  state  of  mixture 
with  potassium. 

If  we  drop  10  c.c  of  a  deci-normal  solution  of 
potaesa  in  a  glass,  and  add  a  few  drops  of  solution 
of  litmus,  we  will  be  able  to  find  the  quantity  of 
sulphuric  acid,  added  drop  by  drop,  which  will 
neutralize  the  10  c.c.  of  potassa.  After  doing  this,  if 
we  add,  as  before,  2  grammes  of  tartaric  acid  dissolved 
in  water,  a  very  slight  precipitate  will  be  obtained, 
even  after  standing  for  hours,  and,  however  much  the 
liquid  may  be  stirred,  or  whatever  quantity  of  alcohol 
we  may  add,  the  precipitate  does  not  increase  per* 
ceptibly.  If  instead  of  stopping  at  neutrality,  a  suffi- 
cient excess  of  sulphuric  acid  is  added,  tartaric  acid 
will  not  show  the  least  turbidity  after  continued  agi- 
tation and  addition  of  large  quantities  of  alcohoL 
Hydro-chloric  acid  in  the  same  circumstances  behaves 
exactly  in  the  same  manner,  as  is  also  the  case  with 
nitric  and  phosphoric  acids.  From  the  behavior  of 
potassic  bromide  and  iodide,  when  in  presence  of  an 
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•zoesB  of  tartaric  add,  we  miiit  conclvde  that  hydro- 
bromic  and  hjdro-iodic  acid  belong  to  the  same 
category. 

With  all  these  acids,  a  quantity  sttlBcient  for  nea- 
tralization  of  the  potaasa  gives  a  slight  precipitate^ 
while  an  excess  preVents  precipitation.  In  the  first 
case,  the  precipitate  produced  can  only  take  place  by 
liberating  a  quantity  of  the  acid  in  combination,  and 
after  a  sufficient  quantity  of  free  acid  has  been  formed, 
further  deposition  is  preyented.  The  acids  experi- 
mented on  were  powerful  mineral  acids,  whose  affini- 
ties for  potassium  are  so  great  that,  although  the  acid 
tartrate  is  more  insoluble  than  any  of  their  potassic 
compounds,  they  only  yield  a  small  portion  of  potas- 
slum  to  tartaric  acid.  If  therefore  a  weaker  acid  than 
the  tartaric  was  chosen  to  combine  with  potassium,  it 
would  not  prevent  the  production  of  an  abundant  de- 
posit of  acid  tartrate.  Acetic  acid  naturally  suggested 
itself,  and,  on  being  tried,  was  found  incapable  of 
preventing  this  precipitation.  Here  then  was  our  way 
out  of  the  difficulty. 

Before  describing  the  manner  in  which  this  property 
of  acetic  acid  was  utilized,  we  must,  for  the  better 
understanding  of  the  subject,  state  that  salts  of  sodium 
in  a  solution  containing  00  per  cent,  of  alcohol  do  not 
prevent  the  precipitation  of  cream  of  tartar.  Tlie 
sulphate,  the  nitrate,  the  chloride,  iodide,  and  bromide, 
the  tartrate  and  acetate  seem  equally  powerless  to  pre- 
vent the  formation  of  the  precipitate.  This  is  an  im- 
portant point,  as,  by  means  of  soda,  or  its  carbonate, 
we  may  separate  the  bases  that  accompany  potassium, 
and  ammonia,  whose  acid  tartrate  is  very  insoluble, 
may,  in  presence  of  soda,  be  driven  off  by  heat  The 
property  that  acetic  acid  possesses  of  allowing  the 
completed  deposition  of  cream  of  tartar  to  take  place 
suggested  at  first  the  following  process.  Given  a  com- 
pound containing  potassium,  phosphoric  acid,  if  pres- 
ent, could  be  separated  as  ammonio-magnesic,  as  tri- 
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calcic,  or  in  any  other  conyenient  phoflpfaate.  The 
yolatile  acids  could  be  driyen  off  by  excess  of  sulpha- 
ric  acid  and  heat,  until  fumes  of  sulphuric  acid  began 
to  appear.  Sulphuric  acid  could  afterwards  be  pre- 
cipitated with  acetate  of  barium,  thus  leaving  acetic 
acid  as  the  only  acid  in  the  solution,  in  combination 
with  all  the  bases. 

This  process  is  simple  in  theory,  but  long  and  alto- 
gether detestable  in  practice.  An  analysis  was  already 
begun  on  this  plan,  "vidien  another  much  more  sim- 
ple and  conyenient  suggested  itself,  which  gaye  on 
trial  the  most  satisfactory  results.  This  process  con- 
sists in  adding  to  the  compound  to  be  analyzed,  if  it 
contains  a  strong  mineral  acid,  a  certain  quantity  of 
acetate  of  sodium  and,  afterwards,  tartaric  acid.  The 
effect  of  adding  acetate  of  sodium  is  that  if  a  strong 
mineral  acid  is  in  excess,  it  forms  a  sodium  salt  by 
acting  on  the  acetate,  and  liberates  a  corresponding 
quantity  of  acetic  acid.  When  tartaric  acid  is  after^ 
wards  added,  and  a  quantity  of  acid  tartrate  is  pre- 
cipitated, the  strong  mineral  acid  set  free  reacts  on 
the  acetate,  and  acetic  acid  is  a^ain  liberated.  This 
action  goes  on  until  all  the  potassium  has  .been  pre- 
cipitated as  acid  tartrate,  and  all  the  strong  mineral 
acids,  originally  combined  with  potassium,  haye  been 
combined  with  sodium,  and  a  corresponding  quantity 
of  acetic  acid  has  been  set  free. 

The  quantity  of  acetate  of  sodium  that  I  usually 
add  is  equal  to  the  quantity  of  tartaric  acid.  The 
theoretical  quantity  necessary  is  65  per  cent,  of  the 
quantity  of  the  tartaric  acid,  but  I  always  obtain 
excellent  results  by  using  equal  quantities.  The  ex- 
cess does  no  harm. 

This  action  of  acetate  of  sodium  in  promoting  the 
precipitation  of  cream  of  tartar  is  one  of  importance 
in  testing  for  potassium  qualitatiyely.  In  our  chemi- 
cal books  we  find  directions  for  precipitating  potas- 
sium from  its  compounds  by  means  of  tartaric  acid» 
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M  if  it  was  a  difficult  and  delicate  operation.  An 
addition  of  acetate  of  sodium  in  conjunction  with 
tartaric  acid,  and  a  discreet  use  of  alcohol,  will  give 
indications  of  potassium  in  a  few  minutes,  even  when 
present  in  small  quantities. 

To  give  an  example  of  analysis  of  potassium,  let  us 
take  a  sample  of  chloride  and  weigh  1  gramme.  Thia 
is  dissolved,  and  2  grammes  of  acetate  of  sodium  are 
added  and  dissolved.  We  now  dissolve  2  grammes 
of  tartaric  acid  and  add  them  to  the  mixture  of 
potassic  chloride  and  acetate  of  sodium.  We  note 
the  total  volume  of  liquid,  and,  after  the  deposition  of 
acid  tartrate  has  stopped,  we  add  about  ^  as  much  of 
alcohol  of  93i  per  cent.,  when  a  further  deposition 
takes  place.  Afterwards  the  remaining  quantity  of 
strong  alcohol  is  added,  which  must  be  such  that  the 
total  volume  of  alcohol  is  double  that  of  the  original 
aqueous  solution.  The  precipitated  cream  of  tartar 
obtained  is  tested  exactly  as  before,  by  a  deci-normal 
solution  of  potassa. 

Instead  of  estimating  the  precipitate  of  acid  tartrate 
Tolumetrically,  it  may  be  dried  at  lOO"*  C,  and  weighed. 

The  volumetric  analysis  is,  however,  preferable,  apart 
from  its  rapidity  and  convenience,  because  by  th& 
action  of  alcohol  some  compounds,  such  as  sulphates, 
may  in  certain  cases  be  precipitated  ;  but  as  they  have 
not  an  acid  reaction  their  presence  would  not  interfere 
with  the  estimation  by  a  titrated  alkaline  solution. 

To  enable  me  to  verify  the  accuracy  of  the  results 
obtained  by  this  process  of  analysis,  I  have  in  all  cases 
taken  a  stated  volume  of  titrated  solution  of  pure  po- 
tassa, and  I  have  added  sulphuric,  nitric,  and  hydro- 
chloric acids,  and  varying  quantities  of  sodium  salts. 
The  potassa  dissolved  to  form  a  titrated  solution  waa 
Tromsdorfifs  potassa  by  alcohol,  containing  no  soda. 
The  acids  leave  no  residue  by  evaporation,  and  can 
therefore  contain  no  potassium. 

By  saturating  10  cc.  of  potassa  solution  with  suU 
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phuric,  hydrochloric,  and  nitric  acids,  the  following 
results  were  obtained.  Tlie  numbers  represent  the 
ac.  of  the  same  potassa  olution  which  saturated  the 
acid  tartrate  precipitated  in  each  case : 

SO*K«.  CIK.  KO»K«. 

10.  10.  9.9 

10.06  10.05  9.S5 

9.9  9.85  9.95 

In  making  these  experiments  it  was  of  the  utmost 
importance  that  my  solution  of  potassa  should  be 
pure,  but  in  commercial  tests  it  matters  little  whether 
the  standard  alkaline  solution  be  of  potassa  or  soda, 
as  both  neutralize  cream  of  tartar. 

The  process  for  the  estimation  of  potassium  which 
I  have  described  is  not  always  advisable,  as  the 
strength  of  alcohol  required  may  in  some  cases  inter- 
fere with  the  results.  When  great  many  tests  are  to 
be  made,  as  happens  in  a  factory,  and  at  the  same 
time  extreme  accuracy  is  not  required,  the  expense  at- 
tending the  use  of  so  much  alcohol  may  be  worth 
consideration.  For  1  gramme  of  substance  weighed 
for  analysis,  100  cc.  of  strong  alcohol  are  required, 
besides  about  50  c.c.  more  for  hashing  the  precipi- 
tate. Altogether  we  may  calculate  that  the  alcohol 
for  every  test  costs  about  10  cents.  In  testing  the  low 
products  of  sugar-houses  for  pcttisstum,  strong  alcohol 
cannot  be  used,  because  they  contain  substances  which 
become  adhesive  and  unmanageable  in  presence  of 
strong  alcohoL 

To  explain  the  process  that  I  have  used  in  such 
cases,  let  me  take  once  more  10  c.c  of  titrated  po- 
tassa solution  in  a  beaker  glass,  and  add  enough  tar- 
taric acid  to  precipitate  the  potassium.  A  certain 
portion  will  be  deposited,  but  another  part,  although 
converted  into  cream  of  tartar,  will  remain  in  solution. 
If  the  precipitate  is  thrown  on  a  filter  witliout  the 
addition  of  alcohol,  and  if  we  free  it  from  excess  of 
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tartaric  acid  by  washing  with  water,  a  farther  loss  will 
take  place.  If,  instead  of  using  pure  water  to  dissolTe 
the  tartaric  add,  added  to  our  10  c.c.  of  potassa 
solution,  and  to  wash  the  precipitate  of  acid  tartrate 
left  on  the  filter,  we  use  a  liquid  incapable  of  dissolving 
cream  of  tartar,  the  loss  would  be  yery  much  reduced. 
This  we  con  easily  do  by  using  a  saturated  solution  of 
acid  tartrate.  When  the  impurities  on  the  filter  haye 
been  removed  by  washing  with  this  saturated  solution, 
the  last  portion  of  this  solution  may  itself  be  removed 
by  washing  with  a  small  quantity  of  alcohol  of  60  per 
cent 

There  will  then  remain  one  cause  of  error,  due  to 
the  water  introduced  with  the  10  cc.  of  titrated  po- 
tassa solution,  which  may,  with  sufficient  approxima- 
tion, be  considered  as  10  c.a  of  water.  To  estimate 
this  quantity  we  must  use  the  table  of  Chancel,  already 
given,  and,  if  we  suppose  that  the  temperature  of  the 
liquid  is  25°  C,  we  will  find  that  at  that  temperature 
100  cc.  of  water  will  dissolve  67  centigrammes  of 
add  tartrate,  and  therefore  10  cc.  will  dissolve  67 
milligrammes,  corresponding  to  16f  milligrammes  of 
potassa,  and  consequently  to  0.86  of  1  cubic  centi- 
metre of  ded-normal  solution.  If  we  .have  operated 
with  care,  we  will  find  that  we  can  account  for  the 
original  10  c.c.  of  poiassa  solution  within  i^  of  a 
cubic  centimetre.  ^ 

The  results,  however,  are  not  nearly  as  accurate 
when  salts  of  sodium  are  mixed  with  the  potassa  solu- 
tion, and  there  is  always  a  deficiency  in  the  add  tar- 
trate precipitated.  I  found,  however,  that  a  small 
quantity  of  alcohol  will  in  great  part  overcome  this 
difficulty,  but  by^  using  too  much  alcohol,  as  much  as  10 
per  cent.,  the  results  are  too  high.  After  a  great  many 
experiments,  I  have  been  led  to  adopt  8  per  cent  as 
the  strength  of  alcohol  that  gives  the  best  results. 
The  quantities  of  acid  tartrate  dissolved  by  8  per 
cent  alcohol  at  various  temperatures  are  as  follows : 
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100  0.0.  of  wAusr,  hMving  8  per 
Temp.  0.  oent  of  alcohol,  will  dteolve 

crMOi  of  tartar,  gr., 


,— » ^ 


0 0.21 

6 0.25 

10 0.82 

15 0.87 

20 0.45 

25 0.54 

80 0.60 

35 0.75 

40 0.84 

This  alcohol  of  3  per  cent,  saturated  with  acid  tar- 
trate, is  used  to  dissolve  the  potassium  compound 
weighed  for  analysis,  to  dissolve  tartaric  acid  and 
acetate  of  soda,  to  dilute  our  solutions,  and  wash  our 
precipitates.  As  the  temperature  of  a  laboratory  need 
not  vary  during  an  operation,  no  error  need  result 
from  the  quantities  of  cream  of  tartar  which  alcohol 
of  three  per  cent.  wUl  take  up  at  different  tempera- 
tures. 

Let  us  take  a  low  sugar-house  product  to  test  for  po- 
tassa,  in  the  shape  of  a  syrup  of  42**  Baum^.  Suppose 
we  take  100  grammes  of  this ;  the  quantity  of  water  in 
our  weighed  sample  will  be  20.6  grammes.  To  this  we 
add  a  quantity  of  alcohol  equal  to  8  percent.,  or  8.8  per 
cent  of  alcohol,  93i  per  cent,  which  is  -fg  cc.  Wf 
may  now  dilute  our  syrup  of  42°  B.  with  alcohol^  of 
3  per  cent,  until  it  is  quit^  thin,  and  add  about  5^ 
grammes  of  tartaric  acid,  if  the  low  product  is  from 
cane  sugar,  or  about  20  grammes  if  a  beet  product 
We  should  also  add  about  the  same  quantity  of  ace- 
tate of  sodium,  and  after  allowing  deposition  to  take 
place  for  about  fifteen  minutes,  the  precipitate  may 
be  treated  as  we  have  seen  in  other  cases. 

After  the  add  tartrate  has  been  saturated  by  the 
titrated  potassa  solution,  we  should  add  to  the  result 
obtained  by  the  burette  the  quantity  of  potassa  corre- 
sponding to  the  acid  tartrate  dissolved  by  the  20.6 
C.C.  of  water  which  accompany  the  100  grammea 
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of  42"  synipf  and  the  0.7  cc.  of  alcohol  added, 
which  are  equal  to  21.3  c.c,  of  alcohol,  3  per  cent* 
If  the  temperature  of  the  liquid  at  the  time  of  filtra- 
tion is  30^  C,  we  will  find  in  the  table  I  have  given 
that  100  cc.  of  alcohol,  8  per  cent.,  will  at  that  tem- 
perature dissolve  60  centigrammes  of  cream  of  tartar, 
and  consequently  21.3  cc.  will  dissolve  18  centi- 
grammes, which  represent  32i  milligrammes  of  po- 
tassa,  which  should  be  added  to  the  result 

The  process  based  on  the  use  of  weak  alcohol,  satu- 
rated with  cream  of  tartar,  is  of  older  date  than  the 
process  I  first  described.  The  results  obtained  aro  not 
uniformly  satisfactory,  for,  although  they  are  gener- 
ally good,  sometimes  there' will  be  errors  of  2J  or  8 
per  cent,  which  cannot  be  attributed  to  any  cause  that 
I  could  discover.  These  discrepancies  induced  me  to 
try  the  other  process,  in  which  the  solutions  arc  made 
to  contain  60  per  cent  of  alcohol,  and  this  has  always 
given  satisfactory  results. 


XXT. — ^Proceedings. 
^  Befftdar  Meeting,  Oct.  6,  1876. 

•The  Society  met  at  its  rooms,  in  the  University 
building,  at  %\  p.m.,  Vice-President  Chandler  in  the 
chair.  The  minutes  of  the  last  meeting  were  read  and 
accepted. 

The  following  report  of  the  transactions  of  the 
Council  of  the  Society,  at  its  meeting  of  September 
22d,  was  read  and  a^lopted. 

The  Corresponding  Secretary,  Prof.  Barker,  was 
requested  to  open  correspondence,  with  a  view  of  an 
exchange  of  publications,  with  those  of  the  scientific 
societies  of  this  country  devoted  to  chemistry  or  sup- 
porting a  chemical  section,  and  with  the  chemical 
societies  of  Europe. 
3 
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The  Council  proposed  to  the  Society  the  following 
nmmes  for  election  as  honorary  members : 

M.  P.  £.  Berthelot,  Robt  Bunsen,  A.  yon  Butlerow, 
8t  Cannizzaro,  J.  Br,  Dumas,  E.  Frankland,  A.  W. 
Williamson,  and  Friedrich  W6hler. 

The  following  were  appointed  a  Committee  of 
Arrangements  for  the  Inaugural  Address  of  Prea. 
John  W.  Draper : 

Messrs.  Morton,  H.  Draper,  Egleston,  Goldmark,  H. 
C.  Hayemeyer,  Schultz,  Youmans,  and  Waller.  It  is 
expected  that  the  address  will  be  delivered  on  the 
16th  of  November. 

The  committee  on  permanent  rooms  reported  pro- 
gress. 

The  Recording  Secretary  having  tendered  his  resig- 
nation, on  account  of  illness  and  prospective  absence 
from  the  country,  the  Council  recommended  the  non- 
acceptance  of  the  resignation,  and  the  appointment  of 
Dr.  Alsberg  as  Secretary  pro  tem. 

The  Nominating  Committee,  to  propose  to  the 
Society  nominations  for  officers  and  committees 
for  the  year  1877,  were  chosen  as  follows:  Messrs. 
Chandler,  Morton,  Eastwick,  Schultz,  Nichols,  and 
Proebel. 

The  following  gentlemen  were  then  elected :  • 

Members, — C.  A.  Pitkins,  A.M,  Prof.  Mariano  Bar- 
cena,  William  Hodgson  Ellis,  Bruno  Teme,  Otto 
Wuth,  S.  A.  Goldschmidt. 

Aatociates, — W.  R.  Elmenhorst,  Frederick  W.  Senff, 
James  C.  Baylis,  P.  Munziger. 

The  following  names  were  proposed  for  election : 

Meinbers. — Prof.  Henry  Nelson  Mertz,  Willard  8. 
Stanton,  Prof.  John  F.  Eastwood,  Harvey  W.  Wiley, 
William  McOree,  Malvern  W.  lies.  Prof.  Julian  Gra- 
bowsky,  Charles  G.  Dudley,  Prof.  Romyn  Hitchcock, 
Prol  J.  W.  Langley,  Prof.  F.  W.  Clarke,  Prof.  Gus- 
tavus  Hinrichs,  £.  H.  S.  Bailey,  D.  H.  Melvin,  Carl 
Pickhaidt 
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AB9oei4Ue9. — Frederick  Habirsliaw,  Rufus  S.  Merrill, 
Adolf  KuttrofF,  Wilbelm  Pickhardt,  Valentine  Mott. 

The  first  paper  of  the  evening  was  read  by  A. 
JBourgougnon :  '*  On  the  Quantitative  Determination 
of  Naphtha  in  Crude  Petroleum." 

The  next  paper  was  read  by  Prof.  Grabowsky,  of 
the  University  of  Lemberg  (Austria):  "On  Galician 
Ozokerite  and  Ceresine." 

Papers  by  W.  J.  Land,  Atlanta,  Ga.,  were  read: 
1.  **Mica  Scale-Pans."  "2.  Determination  of  Car- 
bonic Acid  by  Loss  of  Weight  in  the  Apparatus." 

A  preliminary  communication  of  Dr.  Walz  was 
read :  "  On  Regularities  of  Color  and  Color  Changes." 

Vice-President  Chandler  announced  to  the  Society 

the  first  death  among  its  members,  that  of  Prof.  St 

John. 

Adjourned. 

M.  Alsbkbg,  Secretary  pro  tern. 


XXJL — Explosions  AKD  Mbthod  of  TBsnxra  Pbtbo- 

LBVM  Oil. 


BT     B.     B. 

•  (Bmd  J11I7  e,  19ra.; 

Condeneed  Beport  hy  the   Committee  on  Papers  and 

Publications. 

In  the  early  days  of  manufacturing  petroleum  little 
attention  was  paid  to  its  fire-test,  the  aim  of  the  manu- 
fftcturer  being  to  produce  a  large  quantity  of  distillate 
which  would  bum  freely,  and  the  f ractioning  was  so 
manipulated  that  the  naphthas  were  allowed  to  min- 
gle largely  with  the  heavier  and  more  fixed  oils,  thus 
rendering  the  whole  product  of  very  low  fire-test. 

The  occurrence  of  frequent  explosions  and  accidents 
from  the  use  of  such  oils  caused  some  of  the  manu- 
facturers to  change  their  system  and  separate  the 
naphtha  entirely  from  the  oil,  thus  raising  its  fire-test 
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One  hundred  and  ten  (110*')  degrees  F.  was  selected^ 
by  g^eral  consent,  as  a  standard  of  safety  for  th& 
following  reasons :  cheapness,  and  the  fact  that  in  the 
lamps  and  burners  in  common  use  a  high-test  oil 
would  not  bum  freely.  The  aim  of  nearly  all  inven- 
tions in  both  lamps  and  burners,  for  the  last  fourteen 
years,  has  been  to  produce  appliances  for  burning  the 
thin  mobile  oils  of  11 0**  fire-test,  and,  with  but  few 
exceptions,  no  efforts  have  been  made  to  bum  the 
safer  oils  of  higher  test.  Many  of  the  ezplosions> 
which  happen  with  an  oil  of  110°  F.  are  attributed  to> 
accident  or  ignorance,  rather  than  to  the  fact  that  an 
oil  of  this  standard  is  always  dangerous  to  handle. 
A  lamp  holding  such  oil  is  always  in  an  explosive 
condition,  if  the  temperature  of  the  oil  within  haa^ 
risen  to  TS"*  F.  (always  providing  that  the  lamp  be  not 
entirely  full,  as  some  space  for  holding  the  mixture  of 
vapor  and  air  is  necessary  to  an  explosion). 

My  present  object  is  to  show  by  experiment  the 
erroneous  character  of  the  general  belief,  that  an  oil 
is  safe  from  explosion  if  not  heated  above  its  flashini^ 
point ;  this  flash  point  is  determined  in  the  ordinary 
manner. 

By  the  present  method  of  testing,  the  flashing  point, 
is  from  10**  to  16°  below  the  igniting  point ;  but  I  have* 
discovered,  by  the  aid  of  an  apparatus  hereinafter  de- 
scribed, that  refined  petroleum  gives  off  an  explosive 
vapor  from  10°  to  15°  below  the  flash  point,  and  from 
25°  to  80**  below  the  burning  point.  These  experi- 
ments will  also  show  that  there  is  a  vapor  eliminated 
from  oil,  when  tested  in  an  open  vessel  in  the  ordi- 
nary manner,  which  is  so  thin  and  light,  that^Jit  ia 
blown  away  from  the  surface  of  th9  oil  and  lost  to 
recognition.  These  yapors,  however  are  slowly  col- 
lected in  a  lamp,  and  only  await  ignition  to  produce 
an  explosion. 

The  accidents  which  occur  are  of  two  kinds :  either 
the  direct  result  of  an  explosion  of  the  vapors,  or 
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caused  by  breakage  of  the  lamp,  spilling,  aind  conse- 
quent Ignition  of  the  oil. 

It  is  not  the  explosion,  but  the  invariably  resulting 
ignition,  in  the  case  of  all  low-testing  oils,  Tvhich 
<»use8  the  damage.  The  manner  in  which  the  explo- 
sions are  caused  is  not  generally  evident,  since  they  occur 
■suddenly  and  without  due  warning.  They  usually  occur 
■after  the  lamps  have  been  burning  for  some  time  in  a 
room,  the  temperature  of  which  ranges  from  70"  to  80**. 
If  the  temperature  of  the  room,  however,  is  higher 
^lOO"  or  more),  an  explosion  becomes  impossible,  since 
the  vapors  are  given  off  in  such  quantities  that  the  air 
becomes  laden  with  an  excess.  This  would  not  prove 
that  such  an  oil  was  safe,  as  the  spilling  of  the  liquid, 
under  such  circumstances,  would  speedily  show. 
While  with  whale  or  sperm  oil  a  large  amount  of 
beat  is  necessary  to  generate,  by  chemical  decompo- 
sition, any  gases  which  will  bum  with  a  flame,  in 
petroleum  we  find  these  gases  or  vapors  ready  formed, 
and  prepared  to  ignite  at  low  temperature,  and 
bum  so  fiercely  that  nothing  but  absolute  deprivation 
of  oxygen  will  extinguish  them. 

The  inflammability  of  naphtha  and  petroleum  was 

bere  shown  by  setting  fire  to  woollen  dolls  saturated 

'^th  oils  of  various  burning  test — the  one  moistened 

^ithlSO**  fire-test  oil  requiring  less  than  half  a  minute 

4o  ignite. 

In  the  case  of  the  oil,  explosive  vapors  are  also 
iormed  at  a  comparatively  high  temperature.  Tliis 
temperature  is,  however,  some  ten  or  fifteen  degrees 
below  its  flashing  point  To  illustrate  this  the 
apparatus  invented  by  Mr.  S.  S.  Mann  was  employed, 
consisting  of  a  water-bath,  into  which  is  set  a  com- 
mon brass  lamp  similar  to  those  used  in  factories. 
The  burner  of  this  lamp  is  replaced  by  a  brass 
tube  screwed  into  the  collar,  and  closed  by  a  rub- 
ber ball.  Tlirough  the  side  of  the  lamp,  near  the 
top,  a  half-inch  tube,  with  a  valve  opening  inwardly, 


ttod  clowng  by  the  Blighteat  prcMDra  from  withia,  U  in- 
MTttd.  A  thermometer  jb  let  in  Another  bnui  tubs. 
In  thii  lamp  is  pUccd  the  oil  to  be  terted.    The  tem- 


perature of  tlie  oil  is  bIowI;  rused  b;  heating  the  sni- 
rounding  water,  and,  during  this  process,  the  nature 
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of  the  vapors  frequently  tested  by  applying  a  flame  to 
the  opening  In  the  valved  tube.  The  exploding  point 
of  the  vapors  will  then  be  shown  by  the  rapid  expul- 
sion of  the  rubber  ball  from  the  neck  tube  of  the 
lamp.  By  means  of  this  apparatus  I  am  thus  enabled 
to  show  that  150"  oil  will  explode  at  116%  and  110«> 
oil  at  76^ 

In  conclusion,  I  should  consider  the  flash-test  to  be 
of  far  more  importance  than  the  flre-test,  and  that  it 
should  be  fixed  at  not  less  than  140"  F.  Such  oil, 
whichf  when  lighted,  will  bum  freely,  is  not  easily 
ignited,  and  will  certainly  never  explode  at  the  aver- 
age temperature  of  dwelling-houses.  « 


XXIII. — QuAimTATivB    Dbtebuination  of  Kafh- 

THA  VS  CbUDB  PbTBOLBUM. 

BT  A.   BOURGOUOMON. 

(BMd  OcU  S»  1876.) 

Ik  my  last  communication  I  endeavored  to  prove 
that  a  correct  analynis  of  crude  petroleum  requires  a 
fractional  distillation  made  in  one-hundredth  parts. 
Such  a  distillation  requires  from  seven  to  eight  houra, 
and  in  the  commercial  practice  of  inspecting  crude 
oil,  when  several  samples  are  brought  at  the  same 
time,  it  is  nearly  impossible  to  give  so  much  time  to 
a  distiUation. 

In  all  cargoes  of  crude  oil  samples  of  every  fly« 
hundred  barrels  are  to  be  distilled,  which  is  the  average 
amount  of  oil  shipped  daily.  Being  convinced  that 
the  fractional  distillation  in  one-hundredth  parts  is 
not  always  practicable,  I  have  tried  to  shorten  the 
analysis. 

One  of  the  essential  points  to  bring  to  the  know- 
ledge of  the  buyer  in  all  transactions  of  crude  petro- 
leum is  the  determination  of  naphtha  contained  in  it, 
as  the  crude  oil  is  taxed  in  foreign  custom-hottses  ac- 
cording to  the  quantity  of  ni^htha  it  contains. 
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To  determine  the  percentage  of  naphtha, 
snggest  the  f oUowing  plan,  earnestly  ask- 
ing your  criticism;  but  I  will  add  that  for 
my  part,  although  having  obtained  a  result 
agreeing  with  that  obtained  by  fractional 
distillation^  I  consider  this  process  inferior 
to  the  fractional  distillation  ^in  one-hun- 
dredth parts. 

I  employ  an  instrument  made  on  the 
same  principle  and  of  the  same  shape  as 
the  densimeter,  which  I  call  napht4fmeter. 

To  make  the  graduation  of  this  instru- 
ment, I  proceed  as  follows : 

The  specific  gravity  of  commercial 
naphtha  being  0.700  at  IS"*  C,  it  is  first 
necessary  to  have  such  naphtha.  This 
naphtha  being  at  the  temperature  of  15** 
Cm  the  naphtometeris  immersed  in  it,  and 
on  the  stem,  at  the  point  of  intersection 
with  the  liquid,  the  number  16  is  written. 
The  same  naphtha  is  brought  to  the  tem- 
perature of  20°  C,  and  on  the  stem  .as 
above,  the  number  20  is  written ;  the  tern* 
perature  of  the  naphtha  is  again  increased 
to  25°  C  and  the  number  25  is  written  on 
the  stem  at  the  point  of  intersection ;  and 
flo  on,  in  order  that  the  temperature  indica- 
ted by  the  thermometer  (when  immersed  in 
naphtha  of  0.700  at  16«  C.)  will  be  always 
in  accordance  with  the  figures  marked  on 
the  stem — for  example :  if  I  have  a  sample 
of  naphtha  of  which  the  density  is  0.700  at 
15°  C,  but  supposing  that  the  actual  tem- 
perature be  20°  C,  the  naphtometer  will 
indicate  20,  both  by  the  thermometer  and 
on  the  stem  at  the  point  of  intersection 
with  the  liquid. 

Kow,  to  determine  the  percentage  of 
naphtha  in  crude   petroleum,  I  distil  a 
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known  volume  of  crude  oil,  say  800  cubic  centime- 
tres, and  receiye  the  product  of  distillation  in  a  cylin- 
drical glass  yessel  divided  in  cubic  centimetres,  in 
which  glass  the  naphtometer  has  been  previously 
placed.  The  temperature  of  the  product  distilled 
is  noted,  and  if,  e,  ^.,  the  temperature  be  25^  C,  the 
distillation  is  continued  until  the  point  marked  26 
on  the  stem  intersects  with  the  liquid.  At  this  moment 
the  naphtha  obtained  has  a  specific  gravity  of  0.700  at 
15^  C,  as  I  have  verified  by  several  experiments. 

Removing  the  naphtometer  from  the  jar,  cooling  to 
15°  C,  and  reading  the  number  of  cubic  centimetres 
obtained  and  dividing  by  8, 1  obtain  finally  the  per- 
centage of  naphtha  at  0.700  density  and  at  the  tempe- 
rature of  15°  C.  contained  in  the  crude  oil. 


XXIV. — UN  Galician  Ozokbritb  and  Cbrbsinb. 

BT  DR.  J.    ORABOWBKT. 

(Bead  Oat.  B.  ISTO.) 

OzoKBBiTB  is  found  in  Galicia  (Austria)  princi- 
pally in  Borislaw  near  Drohobycz,  and  Dzwiniacz  near 
Stanistawow.  Both  places  are  situated  at  the  northern 
foot  of  the  Carpathian  mountains ;  the  formation  is 
miooene,  and  of  some  importance  on  account  of  its 
petroleum  springs.  The  production  of  *'  earth- wax  " 
(ozokerite)  was  estimated  to  have  amounted  to  about 
twenty  million  uf  kilogrammes  in  1875,  upwards  of 
eighteen  million  of  kilogrammes  coming  from  Borislaw 
alone.  According  to  F.  v.  Hauer,  the  largest  crystals 
of  salts,  which  are  found  in  connection  with  the  ozo- 
kerite, as  well  as  the  saline  springs  in  the  petroleum- 
bearing  strata,  prove  that  these  latter  belong  to  the  zone 
of  the  calcareous  neogene  f  onnation.  They  contain  the 
fluid  oU  as  well  as  the  solid  "  earth- wax  **  partly  in  more 
or  less  regular  beds,  partly  in  fissures  and  pockets.  The 
exploitation  is  effected  by  means  of  shafts  and  tunnelsi 
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the  f onner  being  from  40  to  80  metres  deep  and  about 
1  metre  square,  the  latter  being  generally  quite  short 
on  account  of  the  very  primitive  method  of  ventUation 
and  the  great  amount  of  gases.  The  shafts  generally 
pass,  first,  through  8  to  10  metres  of  gravel  mixed  with 
boulders,  then,  through  blue  loam  and  plastic  clay, 
which  contains  numerous  layers  of  marl,  slate,  and 
sandstone.  In  this  clay,  usually  at  a  depth  of  from 
40  to  50  metres,  petroleum  springs  and  ozokerite  are 
found.  This  latter  fonns  lumps  or  layers  from  1  to  S 
feet  thick,  these  lumps  sometimes  weighing  several 
hundred  kilog^mmes.  This  native  ozokerite  is  trans- 
parent, of  pure  honey-yellow  color,  possessing  the 
hardness  of  common  beeswax.  More  frequently,  how- 
ever, ozokerite  is  found  in  thin  layers  and  small 
pieces,  which  must  be  separated  from  the  gangrue; 
the  smallest  pieces  are  only  obtained  by  a  process  of 
washing. 

Besides  pure,  good  "  earth- wax,*'  some  varieties  oc- 
rur  which  are  especially  distinguished  by  hardness  and 
color. 

The  best  *'  earth-wax "  should  have  a  pure  yellow 
or  greenish  color,  and  be  easy  to  knead  between  the 
fingers;  this,  after  having  been  tried  (melted),  3aeld' 
a  *'  prime  **  earth  wax,  which  is  generally  used  for  the 
manufacture  of  *'  ceresine."  The  poorer  kinds  are  col- 
ored black,  and  either  very  soft  (containing  much 
petroleum),  or  too  hard,  resembling  asphaltum,  fusing 
at  a  high  temperature.  After  trying,  these  produce  an 
**  earth- wax  **  which  is  ohiefiy  used  for  the  manufacture 
of  paraffine. 

Occasionally  there  are  found  pieces  of  ozokerite, 
which  is  very  compact,  as  hard  as  gypsum,  fuses  above 
100°  C,  and  is  dichroitic  (dark  green  in  refiected  and 
pure  yellow  in  refracted  light). 

The  composition  of  ozokerite  is  best  expressed  by 
the  formula  C^^*..  Very  little  is  known  about  its  for- 
mation.   It  appean  to  me  to  be  very  probable  that  it 
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has  to  be  considered  at  a  product  of  the  oxidation  and 
condensation  of  petiolenm  hydrocarbons.  Only  latelj 
we  have  seen  that  hydrocarbons,  as,  0,  g,y  naphthalene 
can  form  by  oxidation  not  products  containing  oxy- 
gen, but  dinaphthil :  ^ 

2C,oH8  +  0=C««Hm+H,0. 

By  supposing  a  similar  oxidation  of  hexan  or  octan, 
we  obtain  compounds  of  the  formula  C.Ht.,  which 
again  may  condense  with  hydrocarbons  of  the  marsh- 
gas  series,  and  thus  give  rise  to  the  formation  of  yery 
complicated  hydrocarbons  of  high  melting-point,  e,gr 

1 2C.H,.-l-0«=CnH.,-l-2H,0. 

2 C,.H.,-|-C.Hi,  +  0=C.«H«.+H,0. 

By  this  hypothesis  the  formation  of  petroleum  may 
be  reduced  to  an  oxidation  of  marsh-gras,  and  thus  the 
close  connection  between  ozokerite,  petroleum,  and  coal 
be  explained  in  the  most  simple  manner. 

As  stated  above,  the  crude  ozokerite  is  separated  rom 
the  gangue  by  melting,  and  worked  into  paraffine  or 
ceresine.  The  frying  is  effected  either  by  direct  fire  or 
by  steam.  In  the  former  case,  the  ozokerite  is  placed 
into  iron  kettles  of  about  one  and  a  half  metre  in 
diameter  by  one  metre  in  height,  melted,  drawn  off,  1 

and  the  residue  boiled  with  water,  when  all  the  ozok- 
erite will  rise  to  the  surface  of  the  water;  In  the  Int-  1 
ter  case,  the  melting  is  done  by  steam  in  the  same  man- 
ner as  with  parafflne  or  stearine,  and  needs  no  further 
description.  The  tried  ozokerite  is  clarified  by  allowing  j 
it  to  settle  for  several  hours,  and  then  poured  into  iron 
moulds.  It  is  shipped  in  this  form,  without  any  fur- 
ther packing,  and  in  pieces  of  about  fifty  to  sixtj 
kilogrammes. 

There  are,  principally,  two  kinds  of  commercial 
ozokerite :  prime  and  second.  Prime  **  wax  "  ought 
to  be  as  free  as  possible  from  earthy  impurities,  and  in 
small  transparent,  greenish-brown  to  yellow  pieces; 
the  lighter  in  color  and  the  more  transparent,  the  better 
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it  is.  "  Second  wax  "  is  dark  brown,  almost  opaque, 
occasionally  containing  a  great  deal  of  earthy  impuri- 
ties, and  is  generally  much  softer  than  the  prime.  Both 
are  used  for  the  manufacture  of  either  paraffine  and 
illuminating  oils,  or  ceresine.  The  manufacture  of 
paraflSne  from  ozokerite  is  effected  by  distillation  over 
direct  fire,  from  iron  retorts  with  flat  bottoms  contain- 
ing from  700  to  1,000  kilogrammes.  The  products  of 
the  distillation  are : 

Benzine 2  to  8  per  cent. 

Naphtha 15  "  20      " 

Parafline 36  **  50      " 

Heavy  (lubricating)  oils 15  "  20      " 

Coke 10  "20      " 

The  paraffins  is  pressed,  treated  ¥nth  sulphuric  add 
and  caustic  soda,  filtered  through  paper  and  fine  ani- 
mal charcoal,  and  manufactured  into  candles.  The 
naphtha  is  purified  in  the  usual  way,  and  the  heavy  oils 
are  sometimes  subjected  to  fractional  distillation,  but 
mostly  shipped  as  such  to  Vienna.        • 

The  manufacture  of  ceresine  consists  of  the  removal 
of  the  impurities  from  the  '*  earth- wax  ^'  by  the  aid  of 
sulphuric  acid  and  animal  charcoal ;  but  only  the  best 
kinds  of  ozokerite  are  used.  The  different  processea 
ere  kept  secret,  and  are  also  protected  by  patents.  In 
general,  the  ozokerite  is  melted  with  concentrated  sul- 
phuric acid  and  the  residue  from  the  manufacture  of 
yellow  prussiate;  pressed,  treated  again  with  prussiate 
residue,  and  filtered.  100  parts  good  prime  "  earth- 
wax  *'  yield  00  to  70  parts  white  wax,  which  in  its 
properties  very  closely  resembles  white  beeswax,  and 
is.  called  "  ceresine."  It  is  either  further  purified  by 
repeated  treatment  with  acid  and  prussiate  residue,  or 
colored  with  gamboge  or  alkanet,  and  thereby  made  to 
closely  resemble  common  beeswax.  In  the  manufacture 
of  ceresine  only  sulphurous  acid  and  press  residues  are 
obtained,  the  former  of  which  escapes  into  the  air,  but 
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might  be  utilized,  thus  reducing  the  cost  considerably. 
The  coDfiumption  of  sulphuric  acid  in  Borislaw  alone 
is  said  to  amount  to  one  million  kilogrammes  a  year. 
The  prussiate  residues  are  obtained  from  the  lixiyia- 
tion  of  the  crude  prussiate  in  Moravia. 

The  finely  divided  animal  charcoal  seems  to  be  the 
active  agent,  since  a  fair  ceresine  may  be  obtained  by 
simply  treating  commercial  **  earth-wax  "  with  bone 
char  and  concentrated  sulphuric  acid. 

Comparatively  only  a  small  quantity  of  earth-wax 
is  worked  in  Galicia ;  it  is  shipped  principally  to  Eng- 
land, Moravia,  and  Vienna.  The  ceresine  is  export- 
ed in  large  quantities  to  Russia,  where  it  is  sold  as 
beeswax  ;  for  this  purpose  it  is  melted  together  with 
a  little  beeswax,  in  order  to  impart  to  it  the  charac- 
teristic odor.  Good  ceresine  is  hardly  to  be  distin- 
guished from  beeswax;  the  best  methods  are  the 
following : 

1.  Ceresine  is  not  as  easily  kneaded  between  the  fin- 
gers, and  becomes  brittle  more  readily  than  l>eeswax. 
This  test  is,  however,  doubtful,  if  the  sample  consists 
of  a  mixture  of  the  two. 

2.  Ceresine  is  scarcely  attacked  by  warm  concen- 
trated sulphuric  acid,  whereas  beeswax  is  completely 
destroyed  by  it.  By  this  test  the  quantities  of  bees- 
wax and  ceresine  can  be  determined  in  a  mixture  of 
both. 

In  many  cases  ceresine  can  be  employed  in  the  place 
of  beeswax.  It  is  sold  at  from  32  to  40  dollars, 
per  100  kilogrammes  in  Vienna,  whereas  the  price 
of  the  commercial  earth- wax  varies  from  10  to  12 
dollars  per  100  kilogrammes. 

The  whole  exploitation  of  the  ozokerite,  on  account 
of  the  want  of  enterprising  men,  is  in  the  hands  of  the 
Jewish  population.  It  is  rery  imperfect,  and  necessa- 
rily requires  many  changes  in  the  mining  laws. 
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XXY. — ^ICiCA.  Soalb-Paks. 

BT  WK.  J.  LAin>. 

(Bawl  October  6,  1876L) 

Our  best  analytical  balances  of  200  grms.  capacity 
are  usually  fitted  with  a  pair  of  movable  glass  pans, 
or  watch-glasses  of  three  inches  diameter,  and  weigh- 
ing about  thirty  grammes.  To  relieve  the  delicate 
bearings  of  the  instrument  from  this  unnecessary 
weight,  and  also  to  incre<Me  the  capacity  of  the  same  in 
a  commensurate  degree,  I  employ  as  a  substitute  for 
these  glasses  a  pair  of  three-inch  mica  dislcs^  which 
weigh  less  than  ttoo  grammes^  the  •^gravity  bob"  if  neces- 
sary being  adjusted  to  this  change.  Aft«r  three  years* 
daily  use,  I  find  these  mica  pans  as  good  as  at  first. 
The  abrasion  of  the  mica  surface  by  a  platinum  spatula 
(used  in  weighing)  during  this  period  is  scarcely  visi- 
ble. The  mica  used  for  this  purpose  is  a  pure,  hard 
article  found  in  North  Carolina.  It  is  as  clear  or 
transparent  as  flint  glass  when  split  sufiSciently  thin  for 
the  purpose  to  which  it  is  here  applied.  Another 
great  advantage  of  the  mica  is  found  in  its  flexibility 
which  enables  one  to  dispose  of  weighed  material  with 
rapidity  and  exactness,  as  by  bending  the  mica  into 
a  semi- cylindrical  form  it  can  be  adapted  to  the  mouth 
of  a  flask,  crucible,  etc.,  with  the  greatest  ease. 

Small  discs  of  this  material  also  form  excellent 
transparent  covers  for  platinum  crucibles  and  capsules, 
where  the  heat  applied  does  not  exceed  low  redness* 
as  in  the  conversion  of  oxalate  into  carbonate  of  lime, 
etc.  I  feel  confident  that  no  member  of  this  Society 
will  ever  abandon  the  use  of  mica  scale-pans,  after  a 
thorough  trial  of  the  same. 

Atlahta,  Sept  9, 1876. 
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XXYL-  DETBBMIIfATION  OF  CARBONIC  AciD  BT  LO68 
OF  WkIGHT  IK  THIB  APPARATUS. 

BT  WM.  -J.  LAND. 

(Bettd  Oot  5, 1876.) 

The  several  fonns  of  apparatus  which  have  been  de- 
yised  by  Dr$,  Will  FreMnhu,  Rote,  OeisaUr,  etc., 
for  the  determination  of  carbonic  acid  by  loss  of 
weight  in  the  apparatus  from  which  it  has  been 
expelled  by  one  of  the  stronger  acids,  seldom  give 
constant  or  very  dose  results-— owing  principally  to 
the  escape  of  steam,  hydroehlorie  acid,  etc.,  with  the 
gas,  while  OBpirating  the  hot  apparatus.  The  liquid 
remaining,  after  the  expulsion  of  the  gas  by  a  strong- 
er acid,  is  brought  to  a  boiling  temperature  to  drive 
off  the  last  traces  of  the  gas ;  and  to  prevent  the  re 
absorption  of  the  latter,  we  are  directed  to  aspirate 
the  apparatus  while  hot,  thus  causing  more  or  less  loss 
of  steam  (and  some  of  the  stronger  acids)  even  where 
a  long  drying  tube  is  attached. 

I  have  recently  devised  a  very  simple  and  effective 
method,  whereby  the  carbonic  acid,  after  its  expul- 
sion from  the  liquid  by  heating,  is  prevented  from 
coming  again  in  contact  with  it,  thus  avoiding  re- 
absorption,  as  also  aUovying  the  apparatus  to  cool  before 
aspiration  is  performed. 

This  method  requires  no  new  form  of  apparatus, 
but  simply  the  introduction  of  a  lump  of  paraffin^ 
with  the  weighed  carbonate,  the  paraffine  being  af- 
terwards weighed  as  a  part  of  the  apparatus. 

In  bringing  the  liquid  to  the  boiling-point,  as  usual 
the  paraffine  melts  and  covers  the  form  of  the  liquid, 
forming  a  perfect  protection  against  reabsorption  of  the 
gas  by  the  liquid,  which  is  now  left  undisturbed  to 
cool,  after  which  aspiration  may  be  safely  performed. 

When  the  final  weighing  is  made,  the  crust  of  paraf- 
fine is  broken,  or  pierced  in  several  places  by  a  glass 
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rod,  and  toeU  wcuihed,  allowing  it  to  remain  in  the  ap- 
paratnn  (indefinitely)  for  future  experiments.  I  modify 
the  drying  tube  by  adding  f ragraenta  of  pumico-siune 
previously  saturated  with.cupric  sulphate  solution, 
(and  well  dried)  to  absorb  any  traces  of  hydrochloric 
acid  which  may  be  carried  over.  This  pumice  is  put 
into  XYinchying'tyhe  with  an  equal  quantity  of  chloride 
of  calcium — separating  the  two  by  a  lock  of  cotton 
wool  or  asbestos.  A  number  of  carbonic  acid  deter- 
minations upon  ealc-gpar  (using  HCl)  gave  results 
varying  less  than  0.08  per  cent.,  while  the  original 
apparatus  with  ?iot  aspiration  (and  cai*eful  experi- 
ments) gave  results  varying  as  much  as  0.40  per  cent 

The  paraffine  is  also  excellently  adapted  to  preser- 
vation of  other  solutions,  as  proto-salts  of  iron  while 
making  iron  determinations,  PdttinsinCs  manganew 
determinations  by  proto-sulphate  of  iron,  etc.  The  solid 
form  of  the  paraffine  gives  it  an  advantage  over 
liquid  hydrocarbons,  even  if  they  be  sufficiently  sta- 
ble and  non-volatile  to  substitute  it ;  as  in  the  COa 
apparatus,  most  of  the  gas  can  be  expelled  he/ore  the 
parafflne  melts,  which  expulsion  would  be  more  diffi- 
cult if  the  fluid  was  previously  covered  by  a  fluid 
hydrocarbon. 

AtZmAJFIa^  Sept.  9, 1876. 


XXVIL —  On  Some  Rbgulabitibs  of  Color  and 

Color-Changes. 

Preliminary  Notice, 

BT  ISIDOR  WALZ,   PH.D. 

(Read  Oct  6,  1876.) 

As  far  as  I  am  aware,  E.  J.  Houston  *  was  the  flrst 
to  announce  the  law  that  the  changes  of  color  which 
certain  substances  experience  under  the  influence  of 
heat,  follow  a  certain  order,  yiz,i  ike  order  of  the  colore 

•  JoanaJ  of  the  FruikUa  Imtltnte,  Cot.,  1871. 
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of  the  solar  spectrum.  The  subject  has  since  received 
farther  attention/  and  the  terms  metaehromatiem  an^ 
ihermaehromatiem  have  been  proposed  wherewith  to 
designate  this  class  of  phenomena. 

I  desire  to  place  on  record  here,  in  a  preliminary 
note  some  observations  which  I  have  made  in  a  similar 
direction.  While  engaged  in  studying  the  phenomena 
of  solubility  in  connection  with  the  specific  volumes 
of  substanoeSjt  I  repeatedly  found  what  I  believed  to  be 
clues  pointing  to  a  connection  between  other  physical 
properties  of  substances  (such  as  volatility,  etc.)  and 
their  specific  volumes,  of  which  none  interested  me 
more  than  those  relating  to  the  color  of  substances.  I 
have  since  continued  to  follow  up  this  subject,  and 
believe  to  have  undoubtedly  demonstrated  certain 
regularities ;  but  since  my  materifd  is  still  incomplete, 
while  at  the  same  time  my  health  compels  a  suspension 
of  labor  for  a  considerable  time  to  come,  I  trust  to  be 
excused  for  presenting  an  incomplete  report  of  my 
work. 

The  law  that  "  substances  change  color  in  the  order 
of  the  spectrum  colors  under  the  influence  of  heat,^^  I 
believe  to  be  far  more  general,  the  same  order  "being 
observed  in  a  large  nurfi^T  of  reactions  in  which  color- 
change  is  induced  by  chemical  action.  If  any  one  wiU 
take  the  trouble  to  examine,  e.g.y  the  color-reactions  of 
the  alkaloids  in  Dragendorfs  Qerichtlich-Chemische 
Ermittlung  der  Gifte  (p.  235  et  seq,),  he  will  readily 
concede  tbis.  I  will  only  instance  the  color-change 
of  veratrine  with  pure  sulphuric  acid,  viz. :  yellow, 
orange,  blood-red,  crimson.  As  a  remarkably  strik- 
ing example,  however,  I  will  select  Adam  Eiewicz^s 
color-reactions  of  albumen,  as  described  by  himself.  | 
In  pure  concentrated  sulphuric  acid,  albumen  dissolves 
with  a  definite  color.    If  we  add  to  this  acid  in  a 

*  W.  AckxQyd,  Cbmu  News,  zxxiv.,  p.  75. 

t  Am,  Ohemist,  Peb.,  1876w 

X  Pflnegei'B  ArchW  ftlr  Physiologie,  X.,  186. 

4 


130 


test-tube  dilute  egg-albumen  drop  by  drop,  while 
agitating  the  same  cautiously,  the  solution  of  the 
albumen  is  effected,  attended  by  a  color-change  that 
commences  with  green,  and  ends  with  a  deep  yiolet. 
Green  is  changed  in  the  first  place  to  yellow,  the  yel- 
low runs  through  its  several  stages  of  saturation, 
passes  into  orange  and  finally  into  red,  from  which 
the  color  scale  follows  yarious  shadings  down  to  dark 
cherry-red.  The  color-change  ends  at  last  in  a  deep 
violet,  which  forms  the  terminal  reaction  of  the  albu- 
men solution  in  sulphuric  acid.  Farther  on  the 
author  gives  the  following  tabular  statement,  when  sul- 
phuric acid  of  1.8095  sp.  gr.  is  used. 

AbumenrSulphuric  Acid, 

Feroeniage  of  Albumen,        lA     7    16 99 

Ck>lor  of  tbe  SolaUon :  Oteen,  YeUow.  Orsnge.     Bad.     Violet 

One  great  difficulty  in  the  pursuit  of  a  research  on 
color  is  the  varying  designation  of  the  color  of  the  same 
substance  by  different  writers,  6.^.,  the  use  of  purple 
and  yiolet  as  synonymes,  although  purple  (as  well 
as  crimson)  belongs  to  the  red  end  of  the  spectrum, 
and  violet  to  the  other  extreme.  *  The  detailed  descrip- 
tion of  the  color-change  in  red,  in  the  above  reaction, 
fully  justifies  us  in  substituting  the  word  purple  for 
the  violet  used  by  the  author,  thus  making  the  series 
absolutely  perfect,  viz. : 

Green,  Yellow,  Orange,  Red,  Purple. 

As  another  example  of  a  color-change  in  the  order 
of  the  spectrum  colors,  induced  by  chemical  action, 
but  in  the  inverse  order,  I  cite  from  the  following 
reaction  of  vanadic  acid.t  "  If  the  darh  red  solution 
of  vanadic  acid,  prepared  with  boiling  sulphuric  acid 
and-diluted  with  fifty  times  the  quantity  of  water,  is 
gently  warmed  with  zinc,  the  vanadic  add  passes  suc- 
cessively under  hlus  coloration  into  tetrozide,  under 

t  Ck>mpftre  Hdmholts,  FhjdoL  OptUc,  pw  tf7. 

t  ThiadMoriptloa  iitakoa  trom  Jahnttar.  fOr  Ghemle,  1887,  p.  Ml. 
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green  coloration  into  triozide,  and  lastly  under  wilet^ 
or  latender-hlue  coloration  into  dioxide.**  The  seriea 
here  is  only  intermpted  by  the  appearance  of  the  bine 
before  the  green  color,  a  phenomenon  which  also 
occurs  in  other  series,  and  on  the  cause  of  which  I 
hope  further  research  will  throw  some  light  On  the 
other  hand,  the  description,  or  **  layender-blue," 
leaves  us  no  doubt  that  Tiolet  is  here  used  in  its  proper 

The  allotropes  of  phosphorus  offer  an  interesting 

case  of  color-change  in  tpeUrum  order  toith  inerecuing 

dentity. 

JPkotpkonu. 
Golor,  White.      Deep  Bed.      Orange-Ead.    Vlolet-Ony. 

Specif.  OniTlty,  1.8S6  9.148  8.19  1S98 


■V*- 


Plaati  and    Determined  by  Troost  and  Hantefenille 
DeFranchiB*  at  0«  0. 

atO'C. 

Designating  the  color  of  iodine  and  its  vapors  as 
purple  (which  may  be  justified,  I  think,  by  the  color 
of  its  solutions  in  solvents  that  tend  to  red  and  brown, 
but  not  to  violet,  by  the  diathermancy  of  its  solution 
in  carbon  disulphide  to  the  ultra-red  rays,  etc.),  we 
have  in  the  well-known  halogen  group  an  instance 
of  color  progressing  in  ipeetrum  order  in  a  group  of 
analogous  substances,  viz. : 

Chlorine,    *  Bromine.  Iodine, 

Qreenish  Yellow.  Red.  Purple. 

The  solutions  of  sulphur,  selenium,  and  tellurium 
show  a  similar  color-series.  Instances  of  this  kind 
are  quite  numerous  among  compounds.  Taking,  e,g.^ 
the  chlorine,  bromine,  and  iodine  compounds  of  lead, 
silver,  and  mercury,  we  shall  find  the  iodides  nearer  the 
ved  end  of  the  spectrum  in  color  than  the  bromides,  and 
the  latter  nearer  than  the  chlorides.  In  a  similar  man- 
ner the  sulphides  of  many  metals  are  colored,  while 
the  corresponding  oxides  are  colorless,  e.^,  the  metals 
of  the  alkalies  and  alkaline  earths.    Again,  taking 
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series  of  oxides,  chlorides,  etc.,  of  one  aod  the  same 
element,  we  also  frequently  meet  with  this  regular  pro- 
gressiye  variation  of  color,  the  latter  gefieraUy,  hU  hy  no 
means  always^  $hiftingfrom  the  tiolet  to  the  red  end  of 
the  tpeetrum^  oi  we  riee  in  the  series — subject,  howeyer, 
to  anomalies,  such  as  the  apparent  transposition  of 
two  contiguous  colors.  Thus,  according  to  Berzelius 
(Handbuch,  &t.)i  ferrous  oxide,  in  oxidizing,  passes 
through  the  following  series  of  colors :  gray,  green^ 
dark  hluej  yellowish  brown.  (Here  we  find  again  the 
blue  and  green  transposed,  as  it  were,  as  in  the  case 
of  the  Tanadic  oxides  quoted  above.  This  particular 
anomaly  would  seem  to  be  quite  frequent.)  The 
compounds  and  salts  of  iron,  manganese,  chromium, 
uranium,  vanadium,  etc.,  furnish  numerous  instances 
in  which  this  regularity  may  be  traced. 

The  above  facts  may  suffice  for  the  present  I  hope 
to  be  able  to  prove,  by  a  fuller  presentation  at  some 
future  time,  that  when  a  series  of  color-changes  is  imi- 
tated hy  chemical  action,  the  colors  appear  successively 
in  the  order  of  the  spectrum  ;  that  when,  as  in  phospho- 
rus, the  color  of  a  substance  changes  with  its  physical 
condition,  the  changes  occur  in  the  order  of  the  spectrum, 
progressively  with  the  change  of  physical  properties, 
such  as  density,  specific  volume,  etc, ;  and  tlxat  in  series 
of  colored  compounds  of  analogous  or  similar  atomic 
eonstitutior^  the  colors  (vre  in  the  order  of  the  spectrum, 
generally,  as  I  believe  at  present,  passing  from  the 
violet  to  the  red  end  as  we  rise  in  the  series.  There  is 
abundant  cause,  in  my  opinion,  for  the  belief  that  the 
color  of  a  substance  is  intimately  connected,  not  only 
with  the  chemical  constitution,  but  also  with  the 
physical  constants  (density,  specific  volume,  molecular 
weight,  etc.),  of  its  molecules ;  and  possibly  we  may 
yet  arrive  at  a  knowledge  of  the  actual  dimensions  of 
the  molecules  of  colored  substances  by  data  obtained 
from  the  wave-length  corresponding  to  the  colore 
which  they  transmit  or  reflect. 
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XXVIIL — Proceedingb. 
Begular  Meeting^  November  2y  1876. 

The  meeting  opened  at  8.15  p.m. — Vice-President 
Chandler  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and 
accepted.  The  Committee  on  the  Inauguration  re- 
ported that  arrangements  had  been  made  to  engage 
Chickening  Hall  for  the  evening  of  November  16, 1876, 
at  which  time  the  inaugural  address  of  Prof.  J.  W. 
Draper,  on  "  Science  in  America,"  would  be  delivered. 

A  motion  was  made  and  adopted  that  the  distribu- 
tion of  tickets  be  left  to  the  Committee. 

The  Committee  on  Nominations  reported  through 
its  chairman,  Dr.  Schultz ;  and  after  some  discussion 
the  following  ticket  was  nominated : 

For  Prendent — J,  Lawrence  Smith. 

For  Viee-PresidenU — C.  F.  Chandler,  Henry  Morton, 
Silas  H.  Douglass,  Charles  A.  Goessmann,  T.  Sterry 
Hunt,  S.  W.  Johnson. 

For  Corresponding  Secretary — George  P.  Barker. 

For  Recording  Secretary — I.  Walz. 

For  Treamrer — W.  M.  Habirshaw. 

For  Librarian — P.  Casamajor. 

For  Curators— E,  Sherer,  W.  H.  Nichols,  F.  Hoff- 
mann. 

F(»'  Committee  on  Pdjpere  and  Publicatione — ^H. 
Endemann,  E.  Waller,  W.  Shapleigh. 

For  Committee  on  Nominations — K  P.  Eastwick, 
1 
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Charles  Froebel,   H.   C.  Havemeyer,  J.   Gk)ldmarck, 
Henry  Draper. 

The  following  were  elected  by  ballot : 

Memf^ers — H.  W.  Mertz,  Wheeling,  W.  Virginia; 
Willard  S.  Stanton,  Haverhill,  Mass. ;  J.  F.  Eastwood, 
Bethany,  W.  Va. ;  H.  W.  Wiley,  Lafayette,  Ind. ; 
William  McCree,  Del  Norte,  Cal. ;  M.  W.  lies,  Balti- 
more, Md. ;  J.  Grabowsky,  Lemberg,  Austria ;  C.  B. 
Dudley,  Altoona,  Pa. ;  R.  Hitchcock,  Chicago,  HI. ; 
F.  W.  Clarke,  Cincinnati,  Ohio;  E.  H.  8.  Bailey, 
Bethlehem,  Pa. ;  C.  Pickhardt,  New  York. 

Associates — F.  Habirshaw,  New  York ;  A.  Kuttroflf, 
New  York;  W.  Pickhardt,  New  York;  Valentine 
Mott,  New  York ;  R  8.  Merrill,  Boston,  Mass. 

The  following  were  proposed  as  members: — W. 
Wheatley,  New  York;  Wolcott  Gibbs,  Cambridge, 
Mass. ;  J.  C.  Booth,  Philadelphia ;  C.  L.  Jackson, 
Cambridge,  Mass. ;  A.  P.  Aitkin,  Edinburgh,  Scotland ; 
William  Ashbumer,  San  Francisco;  E.  H.  Secour, 
New  York ;  P.  T.  Austen,  Stapleton,  Statin  Island ; 
O.  A,  Moses,  Charleston,  8.  C. ;  D.  H.  Cochran,  Brook- 
lyn, N.  Y. 

The  first  paper  of  the  evening  was  read  by  Dr.  H. 
A.  Mott,  Jr.,  on  "Artificial  Butter."  Mr.  P.  Casa- 
major  read  the  second  paper  on  "  A  New  Portable 
Burette." 

Tlie  following  papers  were  read  by  title  and  ordered 
to  be  printed : 

"On  the  Determination  of  Phosphorus  in  Pig  Iron 
by  Means  of  Molybdic  Acid,"  by  F.  A.  Cairns,  A.M. 

'*  On  Alcohol  in  Statu  Nascendi,"  by  H.  Endemann, 
Ph.D. 

Adjourned.  M.  Ajlbberg, 

Mec.  Sec,  pro  tern. 


.    J.    W.    DRAPEB. 
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AXiX. — SciBNCB  IN  America. 

INAUGURAL  ADDRESS  OF  DR.  JOHN  W.  DRAFBR, 

As  President  of  the  American  Chemical  Society.    Delivered  In  Chlo- 
kerlnff  Hall,  New  York,  November  16, 1876. 

GENTLElfEN,    MEMBERS    AND    ASSOCIATES    OP     THE 

American  Chemical  Society: — In  accordance  with 
the  plan  of  the  American  Chemical  Society,  I  am  called 
upon  to  address  you  this  evening.  I  have  to  congrat- 
ulate you  on  its  successful  establishment,  and  its 
prospect  of  permanent  success. 

Let  us  consider  some  of  the  reasons  which  would 
lead  us  to  expect  that  success,  not  only  for  our  own, 
but  also  for  other  kindred  societies.  The  field  of  na- 
ture is  ever  widening  before  us,  the  harvest  is  becoming 
more  abundant  and  tempting,  the  reapers  are  more  nu- 
merous. Each  year  the  produce  that  is  garnered  ex- 
ceeds that  of  the  preceding.  In  all  directions  there 
is  good  hope  for  the  future.  Perhaps,  then,  you  will 
listen  without  impatience  for  a  few  minutes  this  even- 
ing to  one  of  the  laborers  who  has  taken  part  in  the 
toil  of  the  generation  now  finishing  its  work,  who 
looks  back  not  without  a  sentiment  of  pride  on  what 
that  generation  has  done,  who  points  out  to  you  the 
duties  and  rewards  that  are  awaiting  you,  and  wel- 
comes you  to  your  task.  Let  us  look  at  the  prospect 
before  us. 

The  progress  of  science  among  us  very  largely  de- 
pends on  two  elements:  First,  on  our  educational 
establishments.  Second,  on  our  scientific  societies. 
To  each  of  these  I  propose  to  direct  your  attention. 
And,  first,  of  our  colleges : 

Prof.  Silliman,  in  his  address,  delivered  on  the  occa- 
sion of  the  Centennial  of  Chemistry,  at  the  grave  of 
Priestley,  in  commemoration  of  the  discovery  of 
oxygen,  makes  this  remark :  "  The  year  1845  marks 
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the  begiiming  of  a  new  era  in  the  scientific  life  of 
America,  which  is  still  in  active  progress,  and  chemis- 
try has  had  its  full  share  in  this  advance."  He  then 
enumerates  the  causes  which,  in  his  opinion,  had 
brought  about  this  increased  activity.  Among  them 
are  the  Centennial  celebration  of  the  American  Philo- 
sophical Society  in  Philadelphia  in  1843 ;  the  reor- 
ganization of  the  United  States  Coast  Survey  in  1845; 
the  estabUshment  of  the  Smithsonian  Institution  at 
Washington  in  1846;  the  enlargement  of  The  Ameri- 
can Journal  of  Science  in  the  same  year ;  the  contem- 
poraneous foundation  of  the  Astronomical  Observatory 
at  Cincinnati ;  the  institution  of  the  Analytical  Labora- 
tory at  Yale  College  in  1847,  and  simultaneously  the 
Lawrence  Scientific  School  at  Harvard.  To  these  he 
adds  especially  the  establishment  of  the  American 
Association  for  the  Advancement  of  Science  in  1848. 
Coinciding  with  him  fully  as  to  the  character  and 
power  of  these  and  other  local  causes  which  he  men- 
tions, I  cannot  but  regard  them  as  being  themselves 
the  issues  of  influences  of  a  much  more  general  kind. 

A  revolution  had  been  taking  place  in  Europe — a 
revolution  not  so  much  political  as  industrial  and 
social,  though  it  was  followed  by  political  conse- 
quences of  the  most  important  nature.  Its  commence 
ments  may  be  seen  in  the  preceding  century  in  the 
canal  engineering  of  Brindley ;  in  the  improvements 
of  iron  manufacture ;  in  the  construction  of  all  kinds 
of  machinery,  which  reached  its  acme  when  the  hand 
of  man  was  deposed  from  its  ofiSice,  and  through  the 
slide-rest  and  planing  machine  engines  were  made  by 
themselves.  Then  came  the  exquisite  contrivances  for 
the  manufacture  of  textile  fabrics,  so  that  a  man  could 
do  as  much  work  in  a  day  as  he  had  formerly  done  in 
a  year,  the  movement  in  that  direction  culminating  in 
the  two  steam-engines,  the  condenser  and  non-con- 
denser. The  demand  for  cotton  rose ;  the  value  of  the 
slave,  its  cultivator,  was  enhanced;  and  the  negro 
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question  became  the  paramount  political  question  in 
the  United  States.  See  how  scientific  discoyeries  and 
inventions  lead  to  political  results  I  Herein,  among 
other  great  eyents,  we  find  the  origin  of  the  American 
dyil  war. 

In  Europe,  the  social  effect  of  the  use  of  steam  was 
Qtrikingly  marked.  Performing  mechanical  drudgery^ 
it  relieved  vast  numbers  of  the  laboring  class,  and 
gave  them  time  to  think.  It  concentrated  them  in 
factories  and  mills.  Those  industrial  hives  were 
pervaded  by  literary  infiuences,  perhaps  not  always  of 
a  kind  that  we  should  approve  of.  They  became  the 
seats  of  agitation  in  politics  and  theology,  and  while 
this  was  the  effect  on  the  laboring  mass,  the  owners 
or  capitalists  were  accumulating  enormous  fortunes. 

We  may  excuse  the  enthusiastic  literature  of  the 
cotton  manufacture  its  boasting,  for  men  had  accom- 
plished works  that  were  nearly  godlike.  Mr.  Baines, 
writing  in  1833,  states  that  "  the  length  of  cotton  yam 
spun  in  one  year  was  nearly  five  thousand  million  of 
miles — sufScient  to  pass  round  the  earth^s  circum- 
ference more  than  two  hundred  thousand  times,  sufil- 
cient  to  reach  fifty-one  times  from  the  earth  to  the 
sun.  It  would  encircle  the  earth^s  orbit  eight  and  a 
half  times.  The  wrought  fabrics  of  cotton  exported 
in  one  year  would  form  a  girdle  for  the  globe,  pass- 
ing eleven  times  round  the  equator,  and  more  than 
sufScient  to  fonn  a  continuous  sheet  from  the  earth  to 
the  moon.^^  And  let  us  not  forget  that  to  give  com- 
mercial value  to  this  vast  result  the  capital  chemical 
discovery  of  bleaching  by  chlorine  was  essential. 
Such  was  the  condition  of  things  in  England  just 
previously  to  the  epoch  in  question.  Necessarily  it 
was  followed  by  great  social  results. 

But  there  was  something  more.  The  locomotive 
absolutely  revolutionized  society.  A  man  could  now 
travel  further  in  an  hour  than  he  bad  previously  done 
in  a  day.    Agam  it  was  clear  that  important  political 
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results  were  occurring.  The  effect  of  -the  railroad 
was  to  render  nations  more  homogeneous,  to  destroy 
provincialism.  It  is  actually  true  that  language  un- 
derwent a  change.  No  one  who  had  remarked  the 
various  dialects  of  the  English  counties  prior  to  the 
opening  of  the  Liverpool  and  Manchester  Railway, 
and  the  homogeneousness  of  speech  which  is  fast  dis- 
placing them,  could  be  blind  to  this.  Simultaneously 
a  redistribution  of  the  population  took  place.  It  was 
largely  withdrawn  from  the  open  country,  and  con- 
centrated in  the  towns. 

In  this  statement  I  am  recalling  facts  so  common 
that  they  are  familiar  to  us  all.  We  all  appreciate 
the  immense  social  changes  that  took  place  just  before 
1845.  Who  in  those  times  could  fail  to  perceive  that 
grand  consequences  must  follow  the  expenditure  of 
thousands  of  millions  of  dollars  in  the  building  of 
railroads,  who,  when  he  saw  the  labor  of  a  year 
shrinking  into  the  compass  of  a  day,  the  travel  of  a 
day  into  the  compass  of  an  hour,  the  thought  of  man 
outstripping  the  velocity  of  light,  who  could  be  so 
obtuse  as  not  to  discern  that  a  new  agency  had  taken 
possession  of  the  earth,  that  it  was  agitating  the  na- 
tions to  their  very  foundations,  that  it  was  ameliorat- 
ing the  lot  of  man,  increasing  his  power,  and  dealing 
remoreelessly  with  old  ideas,  the  fictions  and  fallacies 
of  the  past ! 

Can  we  wonder,  then,  that  those  who  were  growing 
up  in  the  midst  of  these  marvels  should  not  only  con- 
trast the  activity  by  which  they  were  surrounded  with 
the  stagnation  of  preceding  centuries,  but  should 
demand  to  be  made  acquainted  with  the  power  that 
was  thus  opening  a  new  world  before  their  eyes. 
Very  soon  it  became  apparent  that  there  was  no  pro- 
vision in  the  existing  educational  establishments,  the 
universities  and  colleges,  for  this  unexpected  state  of 
things.  These  were,  to  be  sure,  good  enough  to  ini- 
tiate a  bench  of  boys  into  the  method  of  translating 
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an  ode  of  Horace  or  a  few  lines  of  Sophocles,  but 
omething  more  substantial  than  that  was  wanted 
now. 

This  was  the  true  cause  of  that  influence  which  be- 
gan to  be  felt  in  America  about  1840.  Every  reflect- 
ing person  saw  that  a  change  in  public  education  was 
imperative — nay,  more  was  impending.  Confronted 
by  the  vigor  of  modem  ideas,  the  system  that  had 
come  down  from  the  dark  ages  was  seen  to  have  be- 
come obsolete. 

In  addition  to  these  influences,  there  was  another,  at 
which  we  must  for  a  moment  glance.  Let  me,  in  a 
few  words,  sketch  its  history. 

The  peninsula  of  Italy  was  separated  from  the  rule 
of  the  Greek  emperors,  in  the  eighth  century,  mainly 
in  consequence  of  the  iconoclastic  dispute.  Partly 
through  the  stress  of  circumstances,  and  partly  as  a 
matter  of  policy,  the  Latin  language  was  brought  into 
such  prominence  that  it  was  supposed  to  contain  all 
the  useful  knowledge  in  the  world.  In  Western 
Europe,  at  the  close  of  the  fourteenth  century,  Greek 
was  totally  forgotten. 

But  when  it  became  clear  that  Constantinople  would 
be  taken  by  the  Turks,  many  learned  men  fled  to  the 
West,  bringing  with  their  language  precious  classical 
manuscripts.  As  it  was  feared,  however,  by  the  dom- 
inant authority  that  knowledge  and  opinions  of  an 
unsuitable  kind  might  thus  be  introduced,  Greek  ob- 
tained a  foothold  with  much  diflficulty,  and  it  was 
only  by  the  aid  of  Florence,  Venice,  and  other  com- 
mercial towns  of  Upper  Italy,  that  after  a  struggle  it 
made  good  its  ground.  The  Latin  had  now  a  suc- 
cessful rival. 

A  century  later  brings  us  to  the  culmination  of  the 
Reformation.  Its  literary  issue  was  an  admiration  of 
the  language  of  that  much  enduring,  that  immortal 
race  to  whom  the  Old  Testament  is  so  largely  due.  As 
had  been  the  case  with  Greek,  so  now  Hebrew  passed 
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from  a  condition  of  neglect  to  one  of  extravagant  ex- 
altation. It  was  believed  to  have  been  the  original 
language  of  the  human  race,  a  conviction  that  proved 
to  be  a  great  stumbling-block  to  the  progress  of  learn- 
ing. There  were  thus  three  classical  languages,  each 
having  its  own  paramount  claim. 

In  1784  the  Royal  Asiatic  Society  was  instituted  in 
Bengal.  One  of  its  earliest  and  most  important  ser- 
rices  was  that  it  brought  the  Sanskrit  language  em- 
phatically to  the  knowledge  of  Europe.  The  simi- 
larity of  this  to  Latin  and  Greek,  especially  in  the 
grammatical  forms,  struck  every  one  with  surprise. 
At  first  the  old  literary  party  resisted  its  claims,  some 
of  them  even  affirming  that  it  never  had  been  a  spoken 
tongue,  but  that  it  had  been  fictitiously  constructed 
out  of  Latin  and  Greek.  The  creation  of  comparative 
grammar  by  the  great  German  scholar  Bopp,  in  1816, 
threw  a  flood  of  light  on  the  subject,  and  the  dis- 
covery in  1828  by  Hodgson  of  the  Buddhistic  sacred 
writings  in  Nepaul  revealed  to  astonished  Europe  a 
literature  of  grand  antiquity  and  prodigious  extent,  in 
which  is  contained  the  religious  belief  of  400,000,000 
of  men — ten  times  the  present  population  of  the  United 
States.  Greek  and  Latin  had  now  to  descend  from 
the  imperial  thrones  on  which  they  had  been  seated, 
and  take  their  places  as  later  and  less  perfect  forms  of 
this  wonderful  Oriental  tongue. 

In  the  biglier  regions  of  literature  all  over  Europe 
these  discoveries  made  a  profound  impression.  It  was 
at  once  seen  by  the  great  scholars  of  the  times  that 
the  existing  educational  system,  founded  as  it  so 
largely  was  on  the  languages  of  the  Mediterranean 
peninsulas,  was  altogether  on  an  imperfect  basis. 
They  saw  that  philology  was  about  to  occupy  a  higher 
platform,  and  that,  though  it  might  cost  a  struggle 
with  present  interests,  a  change  in  public  education 
was  necessary.  But  though  these  languages  have 
suffered  an  eclipse,  there  still  remains  that  priceless 
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heritage  which  they  have  transmittted  to  us — immortal 
examples  in  national  life,  in  patriotism,  in  statesman- 
ship, in  jurisprudence,  in  philosophy,  in  poetry.  Still 
there  remain  the  ruins  of  the  Parthenon,  the  relics  of 
statues  which  have  no  rival  elsewhere  in  the  world — em- 
bodiments of  the  beautiful,  before  which,  even  at  the 
nsk  of  being  denounced  as  a  pagan,  a  man  might  fall 
down  and  worship.  Still  there  remains  the  history  of 
that  awful  empire  which  once  bore  sway  around  the 
Mediterrannean  Sea,  an  empire  to  which  we  owe  our 
civilization,  our  religious  convictions,  and  even  our 
modes  of  thought. 

I  add  this  great  discovery  in  letters  to  the  scientific 
and  industrial  movement  I  haye  described  as  bringing 
on  the  epoch  of  1840. 

Educational  institutions  are  in  their  nature  very 
much  under  the  influence  of  the  past  They  are 
guided  by  men  of  the  parting  generation,  and  are  es- 
sentially conservative  The  changes  they  l>egan  to  man- 
ifest did  not  originate  within  them,  but  were  forced 
upon  them  from  without.  They  clung  to  the  mediae- 
val as  long  as  they  could,  and  only  accepted  the 
modern  when  they  were  compelled. 

Among  American  colleges  which  are  emancipating 
themselves  from  the  mediseval  we  may  number  Colum- 
bia, Cornell,  Harvard,  Princeton,  Yale,  the  Universi- 
ties of  Pennsylvania  and  Virginia.  Doubtless  there 
are  many  others  that  would  follow  the  example,  if 
they  could,  but  they  are  fettered  with  the  gyves  of 
sectarian  or  local  restraint.  They  march  along,  daintily 
and  grotesquely,  in  the  pointed  shoes  of  the  fourteenth 
century. 

I  linger  on  this  subject  of  colleges  because  the  ex- 
ample of  other  countries,  and  especially  of  Germany, 
proves  to  us  that  on  them  our  hopes  for  the  develop- 
ment of  science  must  very  largely  rest  The  scientific 
glory  of  Germany,  not  inferior  in  brilliancy  to  its  mili- 
tary glory,  is  the  creation  of  its  university  professors. 
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Among  them  we  find  the  great  chemists  and  physicists, 
whose  works  we  study  with  delight. 

Our  colleges  must  separate  themselves  from  the 
mediaeval,  and  assume  thoroughly  and  sincerely  the 
modem  cast.  Sincerely,  I  say,  for  not  a  few  of  them 
indulge  in  deception.  They  would  have  us  believe 
that  they  teach  physics  when  they  have  no  modem  ap- 
paratus; chemistry  when  they  have  no  laboratory; 
botany  without  any  garden,  herbarium,  or  even  draw- 
ings ;  geology,  mineralogy,  natural  history,  without  any 
cabinets.  So  ignorant  are  some  boards  of  tmstees  and 
faculties  that  they  hold  such  equipments  as  luxuries  easi- 
ly dispensed  with.  I  have  known  some  go  so  far  as  to 
affirm  that  as  much  money  ought  to  be  expended  in 
teaching  a  few  boys  Latin  and  Greek  as  in  giving  a 
demonstrative  and  illustrated  course  of  science,  and 
even  to  act  on  that  principle.  In  institutions  under 
this  kind  of  influence  you  will  always  find  that  their 
whole  weight  is  thrown  towards  the  aesthetic.  What- 
ever college  honors  there  may  be,  whatever  emoluments, 
pass  in  that  direction ;  and  though  through  fear  of 
public  opinion  science  cannot  be  ignored,  it  is  simply 
tolerated,  not  cultivated. 

From  our  colleges  we  may,  in  the  second  place,  turn 
to  our  scientific  societies. 

I  have  referred  to  the  period  at  which  the  Greek 
language  became  cultivated  in  Western  Europe.  The 
first  societies  were  those  established  in  Florence  by  its 
admirers.  In  the  Medicean  gardens  the  lovere  of  Plato 
assembled  to  restore,  under  an  Italian  sky,  the  philoso- 
phy that  had  been  extinguished  in  Athens,  and  to 
commemorate  by  a  symposium  the  birthday  of  that 
illustrious  man.  There  is  a  pleasure  in  associating  with 
those  whose  thoughts  are  congenial  to  our  own,  in 
breathing  an  atmosphere  in  which  the  intellectual 
makes  itself  felt. 

Very  soon  the  example  was  imitated.    Persons  who 
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had  a  love  for  science  followed  the  example  of  those 
"who  had  a  love  for  letters.  The  Academia  Secretornm 
Naturae  was  instituted  at  Naples,  in  1560,  by  Baptista 
Porta,  the  inventor  of  the  camera,  which  photographers 
now  so  much  use ;  the  Lyncean  Academy  for  the  Pro- 
motion of  Natural  Philosophy,  in  1603 ;  the  Royal 
Society  of  London,  1645;  the  Royal  Academy  of 
Science  in  Paris,  1666;  the  Berlin  Academy  of  Arts 
and  Sciences,  in  1700.  Leibnitz,  the  rival  of  Newton 
was  its  first  President. 

Wlien  the  Royal  Society  of  London  was  founded,  it 
encountered  a  bitter  opposition.  Had  it  not  been  for 
the  "Merry  Monarch,"  Charles  II.,  it  must  have  suc- 
cumbed beneath  the  fierce  maledictions  launched 
against  it. 

Ajb  in  Italy,  when  the  opportunity  was  offered,  men 
of  the  same  inclination  of  thinking  sought  each  other, 
so  here,  to  the  surprise  of  the  most  enthusiastic  chem- 
ists, when  such  an  association  was  proposed  persons 
seeking  membership  came  crowding  in.  The  society  I 
have  the  honor  of  addressing  this  evening  was  the 
result.  Already  it  has  completely  organized  itself ; 
already  it  has  published  the  first  number  of  its  **  pro- 
ceedings," a  publication  which  I  am  sure  will  procure 
for  it  approval  and  respect. 

In  these  organizations  of  scientific  effort  an  oppor- 
tunity of  assisting  is  given  to  those  who,  not  having 
dedicated  themselves  to  philosophical  pursuits,  have 
yet  achieved  success  in  other  walks  of  life,  and  who, 
recognizing  that  the  progress  of  civilization  very 
largely  depends  on  the  increase  of  knowledge,  may 
desire  to  aid  in  promoting  that  great  result  by  the 
application  of  their  means.  See  what  immense  bene- 
fits have  arisen  from  the  money  grants  that  foreign 
governments  have  placed  at  the  disposal  of  their 
scientific  bodies;  see  what  a  stimulus  there  has 
been  in  the  award  of  medals  of  honor,  and,  if  you 
desire  to  witness  the  effect  of  a  well-judged  benefac- 
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tion,  look  at  the  Smithsonian  Institution.  I  would 
not  say  one  word  in  disparagement  of  gifts  to  col- 
leges and  universities,  for  it  is  indeed  a  noble  purpose ; 
but  endowments  for  the  promotion  of  a  knowledge 
of  nature  conferred  on  scientific  societies  for  the 
good  of  all  men,  no  matter  what  their  country  or  color, 
no  matter  what  their  religious  profession  or  political 
condition,  are  still  nobler.  The  one  is  a  local  and 
transitory  benefaction,  the  other  an  enduring  and 
imiyersal  benevolence. 

In  our  own  special  science,  chemistry,  all  that  has 
been  done  has  only  served  to  extend  the  boundary  of 
what  remains.  The  thousands  of  analyses  that  have 
been  made  have  brought  us  into  a  wilderness  of  results. 
We  have  not  been  able  to  rise  to  a  point  of  view  suflS- 
dently  high  to  discover  what  is  the  true  place  of  those 
results  in  nature.  We  try  to  represent  on  the  pages 
of  our  books  and  on  our  blackboards  formulas  of  the 
constitution  of  things,  conscious  all  the  time  that  these 
are  at  the  best  only  convenient  fictions,  which  must 
necessarily  change  as  we  gain  a  more  perfect  insight 
into  that  grandest  of  all  problems,  the  distribution  of 
Force  in  Space,  and  the  variations  to  which  it  is  liable. 
The  geometry  of  chemistry  is  that  of  three  dimensions, 
not  of  two.  We  have  to  consider  the  relation  of  points 
not  situated  on  one  plane,  and  hence  it  is  necessary  to 
employ  three  axes  of  reference ;  nay,  even  more,  we 
cannot  avoid  the  conception  of  the  mathematical 
method  of  quaternions.  Our  inadequate  information 
respecting  the  real  grouping  of  atoms  is  followed,  as  a 
necessary  consequence,  by  imperfection  in  our  methods 
of  nomenclature — the  confusion  in  tliis  respect  becom- 
ing, as  we  all  too  well  know,  every  day  worse  and 
worse. 

And  now,  while  we  have  accomplished  only  a  most 
imperfect  examination  of  objects  that  we  find  on  the 
earth,  see  how,  on  a  sudden,  through  the  vista  that 
has  bf  en  opened  by  the  spectroscope,  what  a  prospect 
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lies  beyond  ufl  in  the  hearens  I  I  often  look  at  the 
bright  yellow  ray  emitted  from  the  chromosphere  of 
the  sun,  by  that  unknown  element,  Helium,  as  the 
astronomers  have  ventured  to  call  it  It  seems  trem- 
bling with  excitement  to  tell  its  story,  and  how  many 
unseen  companions  it  has.  And  if  this  be  the  case 
with  the  sun,  what  shall  we  say  of  the  magnificent  hosts 
of  the  stars  f  May  not  every  one  of  them  have  special 
elements  of  its  own  ?  Is  not  each  a  chemical  laboratory 
in  itself  f  Look  at  the  clusters  in  the  sword-handle  of 
Perseus ;  in  Cassiopeia,  a  universe  of  stars  on  a  ground 
of  star-dust;  in  Hercules,  of  which,  as  astronomers 
say,  no  one  can  look  at  for  the  first  time  through  a 
great  telescope  without  a  shout  of  wonder — the  most 
superb  spectacle  that  the  eye  of  man  can  witness  I 
Look  at  the  double  stars,  of  which  so  many  are  now 
known,  emitting  their  contrasting  rays,  garnet,  or  ruby, 
or  emerald,  or  sapphire  ?  Each  is  in  accordance  with 
its  own  special  physical  conditions,  though  all  are 
under  the  same  universal  ordinance. 

Now  here  a  fact  of  surpassing  importance  presses 
itself  on  our  attention.  The  movements  taking  place 
in  those  distant  bodies  are  taking  place  under  the 
same  laws  that  prevail  here  on  earth,  and  in  our  solar 
system.  The  law  of  gravitation,  as  developed  by 
Newton,  bears  sway  in  all  these  distant  worlds.  In 
them  bodies  attract  each  other  with  forces  directly  as 
their  masses  and  inversely  as  the  squares  of  their  dis- 
tances. There  the  laws  of  the  emission,  absorption, 
and  transmission  of  light  are  the  same  as  they  are  with 
us.  There  ignited  hydrogen  gives  forth  its  three  rays, 
the  same  rays  that  it  gives  forth  to  us.  In  the  utter- 
most parts  of  the  universe  the  law  of  definite  combi- 
nation, the  numerical  law,  and  the  multiple  law,  stand 
good.  Sodium  absorbs  its  two  waves  of  definite  re- 
frangibility,  and  iron  gives  in  the  spectra  its  more 
than  a  hundred  lines — more  than  a  hundred  silent  but 
convincing  witnesses  of  the  uniformity  of  the  constitu- 
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tion  of  the  universe.    There  the  number  of  vibration 
that  constitute  a  ray  of  definite  refrangibility  is  the 
same  we  have  found  it  to  be  here.    In  the  enormouss 
heat  of  those  central  suns,  the  dissociation  of  mole- 
cules may  be  of  a  higher  order  than  we  can  reach  arti- 
ficially, but  the  law  under  which  it  takes  place  is  a 
continuation  of  the  law  here.      There,  though  the 
weight  of  a  given  mass  of  matter  is  different  from  what 
it  is  with  us,  it  is  nevertheless  determined  by  the  law 
that  determines  it  here — the  law  of  gravitation.  There 
energy  is  indestructible,  and  is  measured  as  it  is  meas- 
ured among  us,  by  work.     Then  is  there  any  boun- 
dary that  we  can  assign  to  natural  law — is  it  not 
omnipresent,  universal  ? 

Perhaps  there  is  no  exaggeration  in  the  assertion — 
for  there  seems  abundant  proof  of  its  truth — that  the 
light  by  which  we  see  some  of  those  distant  orbs  has 
crossed  through  such  a  prodigious  space  that  millions 
of  years  have  transpired  during  the  journey.  Then 
the  phenomena  it  brings  to  us  are  those  that  were 
engendered  in  the  beginning  of  the  vast  time  so  passed. 
Whatever  there  is  that  is  in  harmony  with  facts  now 
happening  here,  is  to  us  an  unimpeachable  evidence 
that  the  laws  which  were  governing  in  those  old  ages 
have  undergone  no  depreciation,  but  are  active  as  ever 
until  now.  Then  shall  I  exaggerate  if  I  say  that  those 
laws  are  eternal  in  duration  ? 

Infinite  in  influence,  eternal  in  duration  I  what  a 
magnificent  spectacle !  In  the  resistless  energy  of  the 
motions  of  the  universe,  is  there  not  Omnipotence  ? 
The  Omnipotent,  the  Infinite,  the  Eternal — to  what  do 
these  attributes  belong  ? 

Shall  a  man  who  stands  forth  to  vindicate  the  ma- 
jesty of  such  laws  be  blamable  in  your  sight  ?  Bather 
shall  you  not  with  him  be  overwhelmed  with  a  concep- 
tion so  stupendous  ?  And  yet  let  us  not  forget  that 
these  eternal  lawB  of  nature  are  only  the  passmg 
thoughts  of  God. 
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But  grand  as  this  is,  there  is  something  still  grander. 
There  is  another  temple  into  which  we  have  to  pass — 
not  that  of  the  visible,  but  that  of  the  invisible.     We 
must  persist  in  the  invasion  we  have  made,  in  the  rev- 
olution we  have  brought  about  in  physiology.     We 
have  to  determine  the  laws  which  preside  in  the  ner- 
vous system  of  man,  and  discover  the  nature  of  the 
principle  that  animates  it.     Is  there  not  something 
profoundly  impressive  in  this,  that  the  human  mind 
can  look  from  without  upon  itself,  as  one  looks  at  his 
phantom  image  in  a  mirror  and  discern  its  own  linea- 
ments and   admire  its  own  movements.      My  own 
thoughts  have  of  late  years  been  forcibly  drawn  to 
this,  from  a  recognition  that  the  interpretation  by  the 
mind  of  impressions  from  without  takes  place  under 
mathematical  laws ;  as,  for  instance,  that  when  exter- 
nal ethereal  vibrations  create  in  the  mind  a  certain 
idea,  that  same  idea  will  arise  when  the  vibrations  are 
doubled,  or  tripled,  or  quadrupled  in  frequency ;  but 
other  ideas  will  be  engendered  by  vibrations  of  an  in- 
termediate rate.     Yet  what  these  ideas  will  be  may  be 
predicted.     It  is  true  that  this  is  only  an  optical  case, 
but  it  extends  the  view  that  has  been  offered  to  us  by 
a  study  of  the  structure  of  the  car.    In  the  lat)yrinthine 
compartment  of  that  organ  the  ultimate  fibres  of  the 
auditory  nerve  are  laid  on  the  winding  plane  of  the 
spiral  lamina,  in  ever>decreasiug  lengths,  each  capable 
of  trembling  to  the  sound  which  is  in  unison  with  it — 
a  mechanical  action  truly,  answering  to  the  sympa- 
thetic vibration  witli  which  the  strings  of  a  piano  will 
respond  to  the  corresponding  notes  of  a  flute — and  these 
are  translated  by  the  mind  into  all  the  utterances  of 
articulate  speech,  all  the  harmonies  of  music — speech 
that  engenders  new  ideas  within  us ;    strains  which, 
though  they  may  die  away  in  the  air,  live  forever  in 
the  memory.    The  exquisite  delight  we  experience  in 
listening  to  the  works  of  our  great  composers  arises 
thus  in  mechanical  movements,  which  are  the  issue  of 
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mathematical  combinatioiiB.    The  miaeen  world  is  un- 
der the  influence  of  number ! 

But  what  is  number  except  there  be  one  who  num- 
bers ?  When  Pompey,  in  his  Syrian  war,  broke  into 
the  holy  of  holies  at  Jerusalem,  he  expressed,  as  Taci- 
tus tells  us,  his  astonishment  that  there  was  no  image 
of  a  Divinity  within — the  shrine  was  silent  and  empty. 
And  so,  though  after  death  we  may  anatomize  and  ex- 
plore the  inmost  recesses  of  the  brain,  the  vailed 
Genius  that  once  presided  there  has  eluded  us,  and  has 
not  left  so  much  as  a  phantom  trace,  a  shadow  of 
himself. 

The  experiments  of  Galvani  and  Volta  have  not  yet 
reached  their  conclusion ;  those  of  Faraday  and  Du 
Bois  Raymond  have  only  yielded  a  preliminary  sug- 
gestion as  to  the  nervous  force.  Excepting  tlie  great 
sympathetic  nerve,  the  nervous  fibres  themselves  are, 
as  is  well  known,  of  two  classes — ^those  that  gather  the 
impressions  of  external  things  and  convey  them  to  the 
nerve  centres,  and  those  that  transmit  the  dictates  of 
the  will  from  within  outwardly.  The  capabilities  of 
one  of  the  former — the  apparatus  for  sight — ^have  been 
greatly  improved  by  various  optical  contrivances,  such 
as  microscopes  and  telescopes,  an  earnest  of  what  may 
hereafter  be  done  as  respects  the  four  other  special 
organs  of  sense ;  and  as  concerns  the  second  class,  the 
result  of  mental  operations,  the  resolves  of  the  will, 
may  be  transmitted  with  greater  velocity  than  even  in 
the  living  system  itself,  and  that  across  vast  terrestrial 
distances,  or  even  beneath  the  sea.  Telegraphic  wires 
are,  strictly  speaking,  continuations  of  the  centrifugal 
nerves,  and  we  are  not  without  reason  for  believing 
that  it  is  the  same  influence  which  is  active  in  both 
cases. 

In  a  scientific  point  of  view,  such  improvements  in 
the  capabilities  of  the  organs  for  receiving  external 
impressions,  such  extensions  in  the  distances  to  which 
the  results  of  intellectual  acts  and  the  dictates  of  the 
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will  may  be  conveyed,  constitute  a  true  derelopment 
an  evolution,  none  the  less  real  though  it  may  be  of  an 
artificial  kind.  If  we  reflect  carefully  on  these  things, 
bearing  in  mind  what  is  now  known  of  the  course  of 
development  in  the  animal  series,  we  shall  not  fail  to 
remark  what  a  singular  interest  gathers  round  these 
artificial  developments — artificial  they  can  scarcely  be 
called,  since  they  themselves  have  arisen  interiorly. 
They  are  the  result  of  intellectual  acts  Man  has  been 
developing  himself.  He,  so  far  as  the  earth  is  con- 
cerned, is  becoming  omnipresent.  The  electrical 
nerves  of  society  are  spread  in  a  plexus  all  over  Europe 
and  America ;  their  commissural  strands  run  under  the 
Atlantic  and  the  Pacific 

In  many  of  the  addresses  that  have  been  made  dur- 
ing the  past  summer,  on  the  Centennial  occasion,  the 
shortcomings  of  the  United  States  in  extending  the 
boundaries  of  scientific  knowledge,  especially  in  the 
physical  and  chemical  departments,  have  been  set 
forth.  **  We  must  acknowledge  with  shame  our  infe- 
riority to  other  people,"  says  one.  "  We  have  done 
nothing,"  says  another.  Well,  if  all  this  be  true,  we 
ought,  perhaps,  to  look  to  the  condition  of  our  col- 
leges for  an  explanation.  But  we  must  not  forget 
that  many  of  these  humiliating  accusations  are  made 
by  persons  who  are  not  of  authority  in  the  matter — 
who,  because  they  are  ignorant  of  what  has  been  done, 
think  that  nothing  has  been  done.  They  mistake  what 
is  merely  a  blank  in  their  own  information  for  a  blank 
in  reality.  In  their  alacrity  to  depreciate  the  merit 
of  their  own  country,  a  most  unpatriotic  alacrity,  they 
would  have  us  confess  that  for  the  last  century  we 
have  been  living  on  the  reputation  of  Franklin  and 
his  thunder-rod. 

Perhaps,  then,  we  may  without  vanity  recall  some 
facts  that  may  relieve  us  in  a  measure  from  the  weight 
of  this  heavy  accusation.  We  have  sent  out  expedi- 
tions of  exploration  both  to  the  Arctic  and  Antarctic 
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seas.    We  haye  sabmitted  oar  own  coast  to  a  hydro- 
graphic  and  geodesic  survey  not  excelled  in  exactness 
and  extent  by  any  similar  works  elsewhere.    In  the 
accomplishment  of  this  we  have  been  compelled  to 
solve  many  physical  problems  of  the  greatest  delicacy 
and  highest  importance,  and  we  have  done  it  success- 
fully.      The  measuring  rods  with  which   the  three 
great  base  lines  of  Maine,  Long  Island,  and  Georgia 
were  determined,  and  their  beautiful  mechanical  ap- 
pliances, have  exacted  the  publicly  expressed  admira- 
tion of  some  of  the  greatest  European  philosophers, 
and  the  conduct  of  that  survey  their  unstinted  ap- 
plause.     We  have  instituted  geological  surveys  of 
many  of  our  States  and  much  of  our  Territories,  and 
have  been  rewarded  not  merely  by  manifold  local 
benefits,  but  also  by  the  higher  honor  of  extending 
very  greatly  the  boundaries  of  that  noble  science.     At 
an  enormous  annual  cost  we  have  maint-ained  a  meteor- 
ological signal  system  which  I  think  is  not  equalled, 
and  certainly  is  not  surpassed,  in  the  world.     Should 
it  be  said  that  selfish  interests  have  been  mixed  up  with 
some  of  these  undertakings,  we  may  demand  whether 
there  was  any  selfishness  in  the  survey  of  the  Dead 
Sea  ?    Was  there  any  selfishness  in  the  mission  that  a 
citizen  of  New  York  seat  to  equatorial  Africa  for  the 
finding  and  relief  of  Livingstone  ?  any  in  the  astro- 
nomical expedition  to  South  America  ?  any  in  that  to 
the  valley  of  the  Amazon?    Was  there  any  in  the 
sending  out  of  parties  for  the  observation  of  the  total 
eclipses  of  the  sun  ?    It  was  by  American  astronomers 
that  the  true  character  of  his  corona  was  first  deter- 
mined.   Was  there  any  in  the  seven  expeditions  that 
were  dispatched  for  observing  the  transit  of  Venus  ? 
Was  it  not  here  that  the  bi-partition  of  Biela*s  comet 
was  first  detected;  here  that  the  eighth  satellite  of 
Saturn  was  discovered ;  here  that  the  dusky  ring  of 
that  planet,  which  had  escaped  the  penetrating  eye  of 
Herschel  and  all  the  great  European  astronomers,  was 


151 

first  seen?    Was  it  not  by  an  American  telescope  that 
the  companion  of  Sirius,   the  brightest  star  in  the 
heavens,  was  revealed,  and  the  mathematical  prediction 
of  the  cause  of  his  perturbations  yerified  f    Was  it  not 
by  a  Yale  College  professor  that  the  showers  of  shoot- 
ing stars  were  first  scientifically  discussed,  on  the  occa- 
sion of  the  grand  American  display  of  that  meteoric 
phenomenon  in  1888  ?    Did  we  not  join  in  the  investi- 
gations respecting  terrestrial  magnetism,  instituted  by 
European  governments  at  the  suggestion  of  Humboldt, 
and  contribute  our  quota  to  the  results  obtained  ?  Did 
not  the  Congress  of  the  United  States  vote  a  money 
grant  to  carry  into  effect  the  invention  of  the  electric 
telegraph  ?    Does  not  the  published  flora  of  the  United 
States  show  that  something  has  been  done  in  botany  ? 
Have  not  very  important  investigations  been  made 
here  on  the  induction  of  magnetism  in  iron,  the  effect 
of  magnetic  currents  on  one  another,  the  translation  of 
quantity  into  intensity,  and  the  converse  ?    Was  it  not 
here  that  the  radiations  of  incandescence  wer^  first  in- 
vestigated, the  connection  of  increasing  temperature 
with  increasing  ref  rangibility  shown ;  the  distribution 
of  light,  heat,  and  chemical  activity  in  the  solar  spec- 
trum ascertained,  and  some  of  the  fundamental  facts 
in  spectrum  analysis  developed  long  before  general 
attention  was  given  to  that  subject  in  Europe  ?    Here 
the  first  photograph  of  the  moon  was  taken ;  here 
the  first  of  the  diffraction  spectrum  was  produced ; 
here  the  firat  portraits  of  the  human  face  were  made — 
an  experiment  that  has  given  rise  to  an  important  in- 
dustrial art  ? 

Of  chemistry,  it  may  truly  be  aflirmed  that  no- 
where are  its  most  advanced  ideas,  its  new  concep- 
tions, better  understood  or  more  eagerly  received. 
But  how  useless  would  it  be  for  me  to  attempt  a 
description  in  these  few  moments  of  what  Prof. 
Silliman,  in  the  work  to  which  I  have  already  re- 
ferred, found  that  he  could  not  include  on  more  than 
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100  closely  printed  pages,  though  he  proposed  merely 
to  give  the  names  of  American  chemists  and  the  titles 
of  their  works.  It  would  be  equally  useless  ^md  in- 
deed an  invidious  task  to  offer  a  selection ;  but  this 
may  be  said,  that  among  the  more  prominent  memoirs 
there  are  many  not  inferior  to  the  foremost  that  the 
chemical  literature  of  Europe  can  present.  How  un- 
satisfactory, then,  is  this  brief  statement  I  have  made 
of  what  might  be  justly  claimed  for  American  science ! 
Had  it  been  ten  times  as  long,  and  far  more  forcibly 
offered,  it  would  still  have  fallen  short  of  complete- 
ness. I  still  should  have  been  open  to  the  accusation 
of  not  haying  done  justice  to  the  subject. 

Have  those  who  gloat  oyer  the  shortcomings  of 
American  science  eyer  examined  the  Coast  Survey  re- 
ports, those  of  the  Naval  Observatory,  the  Smithsonian 
contributions,  those  of  the  American  Association  for 
the  Advancement  of  Science,  the  proceedings  of  the 
American  Academy  of  Arts  and  Science,  those  of  the 
American  Philosophical  Society,  the  Lyceum  of  Natural 
History,  and  our  leading  scientific  periodicals  ?  Have 
they  ever  looked  at  the  numerous  reports  published  by 
the  authority  of  Congress  on  geographical,  geological, 
engineering,  and  other  subjects — reports  often  in  im- 
posing quartos  magnificently  illustrated. 

Not  without  interest  may  we  explore  the  origin  of 
the  depreciation  of  which  we  thus  complain.  In  other 
countries  it  is  commonly  the  case  that  each  claims  for 
itself  all  that  it  can,  and  often  more  than  is  its  due 
Each  labors  to  bring  its  conspicuous  men  and  its  public 
acts  into  the  most  favorable  point  of  view  ;  each  goes 
upon  the  maxim  that  a  man  is  usually  valued  at  tbe 
value  he  puts  upon  himself.  But  how  is  it  with  us? 
Can  an  impartial  pereon  read  without  pain  the  charac- 
ters which  we  so  often  attribute  to  our  most  illustrious 
citizens  in  political,  and,  what  is  worse,  in  social  life  ? 
Can  we  complain  if  strangers  accept  us  at  our  own 
depreciation,  whether  of  men  or  things  ? 
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We  need  not  go  far  to  detect  the  origin  of  all  this 
— ^it  is  in  our  political  condition.  Here  wealth,  power, 
preferment — ^preferment  even  to  the  highest  position 
in  the  nation — are  seemingly  within  the  reach  of  all, 
and  in  the  internecine  struggle  that  takes  place  every 
man  is  occupied  in  pushing  some  other  man  into  the 
background.  I  fear  that  in  political  life  there  is  no 
remedy  for  this,  such  is  the  violence  of  the  competi- 
tion, so  great  are  the  prizes  at  stake.  But  in  the  less 
turbulent  domain  of  science  and  letters  we  may  hope 
for  better  things.  And  those  who  make  it  their  prac- 
tice to  decry  the  contributions  of  their  own  country  to 
the  stock  of  knowledge  may  perhaps  stand  rebuked 
by  the  expressions  that  sometimes  fall  from  her  gener- 
ous rivals.  How  can  they  read,  without  blushing  at  their 
own  conduct,  such  declarations  as  that  recently  utter- 
ed by  the  great  organ  of  English  opinion,  the  foremost 
of  English  journals  I  The  Times,  which  no  one  will 
accuse  of  partiality  in  this  instance,  says:  '*In  the 
natural  distribution  of  subjects,  the  history  of  enter- 
prise, discovery,  and  conquest,  and  the  growth  of  re- 
publics fell  to  America,  and  she  has  dealt  nobly  with 
them.  In  the  wider  and  multifarious  provinces  of  art 
and  science  she  runs  neck  and  neck  with  the  mother 
country,  and  is  never  left  behind  ?  " 

There  are  among  us  some  persons  who  depreciate 
science  merely  tlirough  illiterate  arrogance  ;  there  are 
some  who,  incited  by  superficiality,  dislike  it ;  there  are 
some  who  regard  it  with  an  evil  eye,  because  they 
think  it  is  undermining  the  placid  tranquillity  they 
find  in  lifelong  cherished  opinions.  There  are  some 
who  hate  it  because  they  fear  it,  and  many  because 
they  tind  that  it  is  in  conflict  with  their  interests. 

But  let  us,  who  are  the  servants  of  science,  who  have 
dedicated  ourselves  to  her,  take  courage.  Day  by  day 
the  number  of  those  who  hold  her  in  disfavor  is  dimin- 
ishing. We  can  disregard  their  misrepresentations  and 
maledictions.    Mankind  has  made  the  great  discovery 
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that  she  is  the  long-hoped-for  civilizing  agent  of  the 
world.  Let  us  continue  our  labor  unobtrusively,  con- 
scious of  the  integrity  of  our  motives,  conscious  of 
the  poilentous  change  which  is  taking  place  in  the 
thought  of  the  world,  conscious  of  the  irresistible 
power  which  is  behind  us  I  Let  us  not  return  railing 
for  railing,  but  above  all,  let  us  deliver  unflinchingly 
to  others  the  truths  that  Nature  has  delivered  to  us  I 

The  book  of  Nature  I  shall  not  we  chemists,  and 
all  our  brother-students,  whether  they  be  naturalists, 
astronomers,  mathematicians,  geologists,  shall  we  not 
all  humbly  and  earnestly  read  it?  Nature,  the  mother 
of  us  all,  has  inscribed  her  unfading,  her  eternal 
record  on  the  canopy  of  the  skies,  she  has  put  it  all 
around  us  on  the  platform  of  the  earth !  No  man  can 
tamper  with  it,  no  man  can  interpolate  or  falsify  it  for 
his  own  ends.  She  does  not  command  us  what  to  do, 
nor  order  us  what  to  think.  She  only  invites  us  to 
look  around.  For  those  who  reject  her  she  has  in  re- 
serve no  revenges,  no  social  ostracism,  no  index  ezpur- 
gatorius,  no  auto  da  f6 !  To  those  who  in  purity  of 
spirit  worship  in  her  heaven-pavilioned  temple,  she 
offers  her  guidance  to  that  cloudy  shrine  in  which 
Truth  sits  enthroned,  '*  dark  with  the  excess  of  light  ? " 
Thither  are  repairing,  not  driven  by  tyranny,  but  of 
their  own  accord,  increasing  crowds  from  all  countries 
of  the  earth,  conscious  that  whatever  their  dissensions 
of  opinion  may  heretofore  have  been,  in  her  presence 
they  will  And  intellectual  concord  and  unity. 


XXX. — Manufacttjhb  op  Artificial  Buttkr. 

BT  H.    A.   MOTT,   JR.,    PH.D. 

(Read  Not.  S,  1876.) 
Oondenaed  report  by  the  Committee  on  Papers  and  PabUcationa. 

History.  — The  first  patent  on  this  subject  was 
really  taken  out  by  M^ge  in  England,  July  17,  1869, 
but  as  it  was  not  issued  in  this  country  until  1873,  we 
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will  refer  to  it  later  on.  The  patents  in  chronological 
order  are : 

H.  W.  Bradley,  Jan.  8, 1871,  for  a  new  composition 
for  lard  or  butter  for  culinary  uses  and  other  pur- 
poses. 

H.  W.  Bradley,  Oct  17, 1871.  Deodorizing  cotton- 
seed oil  to  render  it  suitable  for  culinary  use. 

Peyrouse,  Nov.  2, 1871.  Application  of  fine  fats,  as 
beef  fat,  to  culinary  purposes,  a  product  being  ob- 
tained between  butter  and  lard. 

Alfred  Paraf,  April,  1873.  "Artificial  butter," 
called  oleomargarine.  The  objections  to  the  product 
were  that  it  possessed  a  gp^in,  and  in  a  short  time  lost 
the  color  and  flavor  of  butter.  The  process  pursued 
was  closely  akin  to  the  true  process. 

Joseph  Brown,  Dec.  23,  1873.     Purifying  tallow. 

M^ge.  Patented  in  England  July  17,  1869.  In 
United  States  December  30,  1873.  Reissued  May  12, 
1874.  This  covers  the  principal  points  in  the  manu. 
facture  of  artificial  butter.  Ist  The  extraction  of 
the  oil  from  the  fat  at  a  low  temperature,  not 
over  125^  F.,  and  2d,  the  conversion  of  the  oil 
by  churning  with  milk  into  butter.  These  patents 
are  now  the  property  of  the  United  States  Dairy 
Company.  Some  few  modifications  have  been  found 
necessary  to  remove  the  "  grain  "  from  the  butter,  and 
to  cause  it  to  retain  the  odor  and  flavor  so  much 
prized  in  the  best  qualities  of  butter. 

Several  other  patents  may  be  mentioned  in  this  con- 
nection, though  they  all  infringe  the  specification  of 
M6ge*s  patent,  requiring  that  the  oil  shall  be  extracted 
from  the  fat  at  a  low  temperature  (under  125°  F.). 
Such  are: 

Francis  Kraft,  July  21,  1874.  Separating  stearine 
from  olein. 

William  B.  Andrew,  Aug.  11,  1874.  Separating 
oleomargarine  and  stearine  from  animal  fats. 

John  Hobbs,  Aug.   18,   1874.      Improvement   in 
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treating  animal  fats.  The  product  obtained  is  a  mix- 
ture of  tallow  and  butter. 

William  L.  Churchill  and  J.  L.  Englehart,  Aug.  25, 
1 874.  Improvement  in  treating  animal  fats  and  manu- 
facturing artificial  butter. 

The  process,  with  the  exception  of  the  use  of  a 
peculiarly  shaped  receptacle  for  the  fat,  is  nearly  the 
same  as  that  of  Paraf. 

G.  B.  Van  Brunt,  Oct  13,  1874.  Improyement  in 
processes  of  manufacturing  products  from  animal 
fats.     The  product  obtained  he  calls  oleo-palmitin. 

William  E.  Andrew,  Aug.  24,  1875.  The  process 
set  forth  in  this  patent  for  removing  the  grain  and  in- 
troducing the  flavor  of  butter,  etc.,  is  the  process  dis- 
covered by  mysell  I  had  used  this  process  success- 
fully for  a  year  before  he  obtained  his  patent,  and  had 
succeeded  in  removing  the  grain  some  three  years 
before. 

J.  P.  Kinney,  Oct.  19,  1875.  Improvement  in  pro- 
cesses in  purifying  and  preserving  animal  fats.  The 
product  is  simply  purified  fat. 

William  E.  Andrew,  Nov.  16,  1875.  Reissue  of 
his  patent  of  August  above  alluded  to.  The  tempera- 
ture at  which  the  oil  should  be  separated  is  here  speci- 
fied as  about  140°  F. 

G.  Cosine,  Feb.  15,  1876.  Improvement  in  pro- 
cesses for  making  artificial  butter.  Two  products  are 
to  be  manufactured  by  this  process,  the  one  for  sum- 
mer, the  other  for  winter  use.  The  former  is  obtained 
by  a  process  similar  to  that  of  Paraf ;  the  latter  con- 
sists of  a  mixture  of  olein  with  fruit  or  nut  oil,  salted. 

Trite  Process  of  Mdnyfacturing  Artificial  Butter, — 
The  first  requisite  is  exquisite  cleanliness.  The  fat  is 
first  sorted ;  all  portions  to  which  blood  adheres  being 
washed  separately.  It  is  washed  first  with  tepid 
water,  and  then  three  times  with  cold  water. 

The  fat  is  then  passed  through  the  "hasher,"  by 
which  it  is  cut  very  fine,  and  finally  forced  through  a 


157 

fine  sieve.  The  product  is  then  placed  in  the  "  melt- 
ing tank,'^  in  which  it  is  heated  by  heating  the  water 
surrounding  it,  until  the  temperature  of  122°  or  124''  F. 
is  attained.  Experiments  have  shown  that  this  tem- 
perature cannot  be  passed  and  a  sweet  and  odorless 
oil  obtained. 

In  this  process  the  fat  must  be  continually  stirred  to 
maintain  an  even  temperature.  When  the  fat  has 
melted  it  is  allowed  to  stand  that  the  '*  scrap  '^  may 
settle  to  the  bottom.  The  fat  is  then  skimmed,  and 
the  clear  oil  is  drawn  off  and  set  aside  to  cool  in 
wooden  cars.  Should  the  scrap  refuse  to  settle,  vigor- 
ous stirring  will  usually  cause  it  to  do  so.  If  not, 
throwing  on  some  salt  and  stirring  it  will  have  the 
desired  effect.  This  melting  process  occupies  some 
two  to  three  hours.  The  oil  in  the  cars  requires  at 
least  twelve  to  twenty- four  hours  to  granulate,  which 
should  take  place  at  a  temperature  of  about  70''  F. 

The  solidified  oil  is  now  taken  to  the  "  press-room," 
which  is  kept  at  a  temperature  of  about  89''  to  90°  F. 
Here  it  is  packed  in  cloths  and  is  then  put  under  the 
press.  The  pressure  should  only  be  gradually  in- 
creased, and  is  continued  until  the  oil  ceases  to  fiow. 
The  oil  is  caught  in  a  suitable  receptacle,  while  the 
cakes  which  remain  consist  of  pure  white  stearine, 
which  is  ready  for  sale. 

The  oil  is  again  cooled  to  70°  F.  One  hundred 
pounds  of  the  oil  are  then  taken,  and  with  fifteen  to 
twenty  pounds  of  sour  milk,  are  placed  in  the  chum. 
Two  and  a  half  to  three  ounces  of  solution  of  annatto, 
containing  one-half  to  three-fourths  ounce  of  bicar- 
bonate of  soda,  may  then  be  added,  and  the  whole  is 
agitated  for  about  ten  or  fifteen  minutes,  when  it  is  at 
once  run  into  a  tub  containing  pounded  ice,  the  oil 
being  kept  in  constant  motion  until  sufiiciently  cooled. 
By  this  process  the  grain  is  completely  removed. 
After  remaining  in  contact  with  the  ice  for  two  or 
three  hours,  it  is  then  dumped  on  an  inclined  table 
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and  crumbled  tip  so  that  the  ice  may  melt  out    Then 
about  thirty  pounds  at  a  time  are  put  into  a  chum  with 
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twenty  to  twenty-five  pounds  of  churned  sour  milk, 
and  the  whole  is  churned  for  about  fifteen  minutes. 
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By  tb)s  last  process  the  flavor  and  odor  desired  is  im- 
parted to  the  butter. 

Working,  draining,  and  salting  the  product  (three- 
quarters  to  one  ounce  of  salt  to  the  pound)  completes 
the  manufacture. 

Tlie  foregoing  table  shows  the  comparatiye  compo- 
sition of  artificial  butter  and  that  made  from  cream  in 
the  ordinary  way.  The  percentages  in  the  artificial 
and  natural  butter  are  calculated  to  a  uniform  per- 
centage of  salt  in  order  to  show  the  correspondence 
more  perfectly.  An  analysis  of  artificial  butter  by  Dr. 
Brown  is  also  appended. 

C(>st  of  Manufacture,  etc — In  order  to  set  up  an 
establLshment  to  produce  600  pounds  of  butter  daily,  a 
floor  some  50  x  75  feet,  supplied  with  steam  power  and 
plenty  of  running  water,  would  be  required.  The  fit- 
tings would  cost  about  $2,500,  but  it  would  require  a 
capital  of  at  least  $6,250  to  carry  on  the  business. 
The  following  would  be  about  the  amount  of  butter 
and  by-products  obtained  from  691.65  pounds  of  caul 

fat :    Butter 500        pounds. 

Stearine 128.85         " 

Soap  grease 2W81 

Scrap 117.41 

The  last  is  an  unsalable  product.  The  cost  of 
manufacturing  the  butter  would  be  about  thirteen 
cents  per  pound. 

In  warm  climates  the  butter  could  not  be  profitably 
made  in  July  and  August ;  therefore  the  oil  should  be 
manufactured  in  these  months  and  stored  against 
cool  weather. 


XXXL— Contributions  to  Volumetric  Analysis. 
First  Paper — On  a  New  Portabt^e  Burette. 

by  f.  gasamajor. 

(Bead  NoYomber  2,  1876.) 

The  necessity  of  estimating  potassa  and  soda  in 
their  commercial  carbonates  With  accuracy  and  rap- 
idity, gave  rise  to  Tolumetric  analysis,  and  I  believe 


160 


that  Descroizilles  was  the  first  chemist  who  substituted 
the  measuriiig  of  a  certain  volume  of  acid  of  known 
strength  for  the  slower  and  more  delicate  operation  of 
weighing. 

To  ascertain  the  exact  volume  of  sulphuric  acid  re- 
quired to  saturate  a  known  weight  of  alkali,  Descroi- 
zilles used  a  graduated  tube,  about  twenty-five  centi- 
metres high,  with  a  diameter  of  fifteen  millimetres. 
This  was  provided  with  a  very  narrow  neck,  whose 
upper  portion  was  expanded  and  provided  with  a  lip. 
On  the  shoulder,  near  the  base  of  the  narrow  neck, 
was  a  small  opening,  which,  by  being  closed  more  or 
less  perfectly  by  the  application  of  a  finger,  allowed 
the  titrated  acid  to  run  out  with  more  or  less  rapidity. 
The  word  burette,  applied  to  this  instrument,  was  very 
appropriate,  as  in  French  burette,  as  defined  by  Boiste,* 
is  a  small  fiask  with  a  narrow  neck,  and  is  a  diminu- 
tive of  buire,  which  means  a  large  flask.  This  word 
was  adopted  afterwards  by  Gay  Lussac  to  designate 
his  graduated  drop  tube,  and  it  has  been  applied  to 
all  instruments  designed  to  fulfil  the  same  purpose, 
whatever  be  the  variety  of  their  shapes. 

In  the  burette  of  Gay  Lussac,  which  was  the  imme- 
diate successor  of  the  instniment  of  Descroizilles,  the 
liquid  is  poured  out  through  a  very  narrow  tube, 
which  may  have  been  suggested  by  the  narrow  neck 
of  the  primitive  flask.  This  burette  has  the  advantage 
over  some  other  forms  now  adopted,  that  it  is  made 
entirely  of  glass,  and  is  therefore  able  to  hold  any  of 
the  test  liquora  used  in  volumetric  analysis,  and  also 
that  its  contents  can  only  run  out  when  the  instrument 
is  in  the  hands  of  the  operator.  I  believe  that  it  is 
generally  preferred  to  other  forms,  and  that  more  of 
them  are  sold  than  of  any  other  kind.    Two  other 

*  The  definitions  of  BoiBte  are  as  follows : 
Bulre,  «.  /.  flftoon — grand  vase. 

Burette,  »./.  Uratolun^  petite  buire — ^vase  A  petit  goulot  poor  rhnil* 
pour  Teau  et  le  vin  d  la  messe. 
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burettes  are  in  general  use,  in  both  of  which  the 
liquid  drops  directly  from  the  bottom  of  the  gradu- 
ated tube,  its  flow  being  regulated  either  by  a  glass 
cock  or  by  a  pinch-cock  acting  on  a  flexible  rubber 
tube.  This  latter  instrument  is  the  invention  of  Dr. 
Federick  Mohr,  and  we  may  say  of  it  that,  for  solu- 
tions which  have  no  action  on  india-rubber,  no  better 
burette  could  be  desired. 

In  the  investigations  which  I  lately  made  on  the 
estimation  of  potassium  as  acid  tartrate,  which  I  had 
the  honor  of  laying  before  you  at  our  September 
meeting,  I  had  repeatedly  occasion  to  use  a  titrated 
solution  of  potassic  hydrate,  which  could  not  be  held 
in  Mohr's  burette,  on  account  of  the  rubber  tube.     A 
burette  with  a  glass  cock,  which  I  used  at  first,  was 
finally  laid  aside,  as  the  normal  alkaline  solution  was 
continually  leaking  out,  around  the  key  of  the  cock. 
This  key  itself  fitted  very  perfectly,  but  it  had  to  be 
slightly  loosened  from  its  seat  to  allow  it  to  be  turned 
with  nicety,   and  the  play  left  in  this  manner  was 
suflicicnt  to  let  a  portion  of  the  contents  leak  out;  and 
as  the  whole  of  this  did  not  find  its  way  to  the  beaker 
glass,  but  some  remained  on  the  outside  of  the  burette, 
errors  were  committed  which  materially  affected  my 
results.     A  burette  of  Gay  Lussac  gave  much  more 
satisfactory   and   concordant  results,   as  no  leakage 
took  place  under  any  circumstances.     Tliis  burette, 
however,  is  inconvenient  to  use,  because  a  constant 
watch  must  be  kept  on  its  liquid  contents  if  the  out- 
flow is  to  be  regulated  with  precision,  and  this  is  not  an 
easy  matter,  as  the  attention  of  the  operator  is  divided 
in  observing  both  the  outflow  and  the  effect  of  the 
test  liquor  on  the  solution  in  the  beaker  glass.     This 
defect  is  aggravated  by  the  circumstance  that,  towards 
the  end  of  the  operation,  when  the  effect  of  every 
drop  of  test  liquor  on  the  solution  under  examination 
has  to  be  watched  with  the   closest  attention,   the 
management  of  the  bwette  becomes  the  most  difiicult, 
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on  accotmt  of  its  greater  deyiation  from  a  yertical 
position.  Having  suffered  a  great  deal  of  incon- 
venience from  this  defect,  I  endeavored  to  overcome 
it  by  several  devices,  and  was  finally  led  to  adopt  an 
entirely  new  form  of  burette,  which  I  find  more  con- 
venient than  any  other  with  which  I  am  acquainted, 
and  which  it  is  my  busines  to  describe  to  you  this 
evening. 
The  burette,  represented  in  Fig.  1  and  Fig.  2,  is  a 

Fia.l  Fia.2 


cylindrical  tube,  closed  at  the  bottom.     For  the  sake 
of  convenience  and  safety,  this  tube  is  inserted  in 
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a  stand  or  foot,  in  the  manner  proposed  by  Dr.  Mohr 
for  Gay  Lussac's  burette.  This  foot  is  made  of  japan- 
ned tin,  which  is  better  in  every  way,  and  more 
economical  than  wood.  The  cylindrical  portion  of 
this  tin  stand  is  only  partially  soldered  on  the  fiat 
part,  to  allow  the  portion  left  free  to  act  as  a  spring 
in  holding  the  glass  cylinder  tightly.  The  upper  por- 
tion of  the  glass  tube  has  the  shape  shown  in  Fig.  1, 
to  prevent  the  liquor  from  running  out  when  the  tube 
is  inclined.  The  same  object  is  usually  accomplished 
by  bending  the  upper  portion  at  an  obtuse  angle  on 
the  main  stem;  but  I  have  preferred  the  shape  shown 
in  Fig.  1,  as  the  burette  is  more  easily  filled  while 
standing  vertically  on  its  foot. 

Immediately  under  the  curved  portion  of  the 
burette,  is  a  break,  from  which  the  liquor  drops  when 
the  instrument  is  inclined  and  properly  turned.  By 
making  a  transverse  section  through  this  beak,  we 
obtain  Fig.  8  and  Fig.  4,  which  show  the  shape  of  the 
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beak,  and  its  position  in  relation  to  the  stem  for  two 
positions  of  the  tube. 

To  allow  the  liquor  to  drop  from  the  burette,  it  is 
inclined  as  in  Fig.  5,  in  which  position  the  curved 
portion  at  the  upper  end  prevents  the  liquid  from 
pouring  out.  Keeping  the  tube  inclined,  as  in  this 
figure,  we  may  either  prevent  the  outflow  of  its  con- 
tents, or  allow  it  to  run  with  more  or  less  rapidity. 

To  effect  this,  it  is  merely  necessary  to  turn  the  in- 
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Btrument  around  its  own  axis,  so  that  the  beak  may  be 
either  raised  or  lowered,  as  shown  in  Fig.  3  and  Fig. 
4.  When  the  beak  is  allowed  to  take  the  position 
shown  in  Fig.  3,  the  liquid  in  the  tube  does  not  run 
out ;  while  in  the  position  shown  in  Fig.  4,  the  drops 
run  out  quite  rapidly.  At  some  intermediate  point  it 
will  be  found  that  the  liquid  runs  nut  slowly  in  drops, 
which  may  be  accelerated  or  retarded  by  turning  the 
tube  around  its  axis,  but  without  changing  the  incli- 
nation of  this  axis. 

Fia.5 


The  motion  imparted  to  the  burette  by  holding  it  in 
the  hand,  and  simply  turning  it  around  its  axis,  is  an 
easy  one  for  the  operator,  who  is  not  obliged  to  watch 
the  liquid  in  the  instrument  with  any  degree  of  atten- 
tion. As  the  liquid  runs  out  of  the  burette,  it  be- 
comes necessary  to  incline  its  axis  more  and  more,  to 
keep  a  supply  of  liquid  near  the  beak ;  but  there  is  no 
difficulty  connected  with  this,  as  the  liquid  runs  out 
with  equal  ease  when  the  instrument  is  full  to  the  O 
mark  as  when  it  is  nearly  empty.  When  the  changes 
which  occur  in  the  liquid  under  examination  indicate 
that  the  operation  is  nearly  ended,  the  liquor  may 
very  easily  be  made  to  fall  in  single  drops  by  turning 
the  beak  down  gradually,  and  raising  it  again  with  a 
sudden  motion.  This  is  easily  learnt  by  a  little  prac- 
tice, and  does  not  require  a  close  watch  on  the  con- 
tents of  the  burette. 

The  most  convenient  position  for  the  operator  is  to 
hold  the  tube  almost  horizontally  and  to  let  the  foot 
roll  on  a  block  of  proper  height,  while  the  necessary 
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motions  are  given  to  the  instrument  by  holding  it 
with  one  band  near  its  open  end.  This  presents  the 
additional  advantage  that  the  portion  which  becomes 
heated  by  the  hand  is  not  in  contact  with  the  liquid 
contents  of  the  tube. 

This  position,  however  convenient,  is  not  necessary, 
as  it  does  not  happen  with  this  burette,  as  with  Gay 
Lussac's,  that  almost  every  time  the  instrument  is  par- 
tially raised,  a  little  drop  of  test  liquor  settles  at  the 
end  of  the  small  tube,  and  prevents  further  outflow, 
which  is  a  source  of  endless  annoyance  and  delay.*  As 
the  beak  always  remains  full  of  liquid,  this  new 
burette  is  ready  to  give  a  drop  whenever  the  tube  is 
properly  inclined  and  turned. 

Whenever  it  becomes  necessary  to  lift  the  instru- 
ment, the  beak  should  be  previously  raised  by  turning 
the  tube,  as  otherwise  a  drop  of  liquid  may  escape 
and  run  down  the  side  of  the  tube.  After  the  opera- 
tion is  ended,  the  burette  should  be  left  in  a  vertical 
position  for  some  minutes,  to  allow  the  liquid  to  run 
down  before  reading  the  indication  of  the  scale.  As 
the  beak  holds  by  capillarity  a  certain  quantity  of  test 
liquor,  it  will  be  found  convenient  to  keep  it  full 
whenever  the  indications  of  the  scale  are  observed. 
This  beak  usually  becomes  filled  of  itself  at  the  time 
of  filling  the  instrument  with  test  liquor.     The  open 


*  This  occurs  principally  with  allutline  solutions.  If  the  small  tube 
of  Gay  Lnsaac'B  burette  is  corof  uUy  watched,  it  will  be  seen  that  when 
an  alkaline  solution  runs  down  this  tube,  the  main  portion  of  the  liquid 
fills  up  the  tube ;  but  it  is  preceded  by  a  low  wave,  which  keeps  ahead 
of  the  main  portion,  however  tsut  or  slow  the  liquid  runs  down.  This 
wave  arrives  at  the  nozzle  before  the  other  portion  and  fills  it,  leaving  a 
volume  of  air  between  the  two  portions.  With  add  solutions,  the  wave 
doet  not  exist,  and  the  tube  in  seldom  stopped. 

The  plan  usually  adopted  to  renew  the  flow,  when  it  has  been 
stopped  by  a  drop  of  liquid  at  the  nozzle,  is  to  blow  into  the  main  tube. 
This  is  very  objectionable,  as  by  blowing  we  may  obtain  a  small 
stream  but  not  a  drop.  Towards  the  end  of  an  operation  this  might 
spoil  a  test.  The  possibility  of  obtaining  a  drop  at  any  time  with  ease 
and  certainty  is  the  great  desideratum  in  a  burette. 
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end  uf  the  burette  may  be  provided  with  a  lip,  on  the 
side  opposite  to  the  beak,  as  shown  in  Fig.  2.  This  is 
to  allow  the  test  liquor  to  run  out  faster  when  desired. 
Many  chemists  are  unwilling  to  trust  volumetric 
analysis  for  fear  of  the  changes  of  volume  which  are 
due  to  changes  of  temperature.    They  are,  however, 

willing  to  use  the  solutions  of  this 
method  of  analysis,  and  they  have 
adopted  a  gravimetric  system, 
which  consists  in  weighing  instead 
of  measuring  their  test  liquors. 
For  this  manner  of  using  test,  solu- 
tions, I  have  made  the  gravimetric 
burette  represented  in  Fig.  6.  The 
manner  of  using  this  burette  is 
precisely  the  same  as  for  the  volu- 
metric instrument,  and  it  does  not 
require  any  further  explanation. 
The  weight  of  test  solution  used 
in  an  analysis  is  best  determined  by  double-weighing. 
The  flask  or  gravimetric  burette,  containing  a  greater 
quantity  of  test  solution  than  will  be  required  by  the 
analysis,  is  placed  on  the  scales  and  counterbalanced 
with  shot  or  any  other  material.  After  the  operation 
is  ended,  the  flask  should  be  replaced  on  the  same  pan 
of  the  scales,  and  be  made  to  counterbalance  the  orig- 
inal quantity  of  shot  by  adding  weights,  which  repre- 
sent  the  weight  of  test  solution  that  has  been  used.  A 
common  balance  weighing  200  grammes  and  turning 
to  1  centigramme  is  sufficient  for  this  method  of  test- 
ing. 

In  making  and  graduating  these  instruments,  I  have 
had  the  valuable  services  of  Mr.  Henry  Weinhagen, 
No.  152  William  Street,  New  York.  Although  any 
other  i)erson  may  manufacture  them,  I  can  say  that 
Mr.  Weinhagen  has  given  entire  satisfaction. 
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XXXII. — On  thb  DsTERMnrATioK  of  Phosfhobus 
IN  Pio-Iron  by  mbans  of  Molybdio  Acid. 

BY  F.   A.   CAIRNS,  A.M. 

(Read  Nov.  S,  1876.) 

The  comparatiyely  large  demand  for  iron  contain- 
ing a  small  percentage  of  phosphorus  has  led  to  a 
close  examination  of  the  different  methods  of  deter- 
mining this  substance,  commonly,  if  not  invariably, 
occurring  in  iron  ores,  and  consequently  in  the  metal- 
lic product.  Among  the  various  methods  suggested 
and  most  highly  approved  is  Sonnenschein's,  commonly 
known  as  the  "  molybdic  acid  method."  The  writer, 
after  having  employed  it  for  years  in  hundreds  of  an- 
alyses, with  apparently  good  results,  has  within  the 
past  two  years  heard  it  charged  with  giving  results 
too  low.  Although  satisfied  of  the  accuracy  of  the 
method  by  previous  experiments,  he  concluded  to  make 
further  ones,  as  far  as  time  and  opportunity  allowed, 
to  settle  any  doubt  in  his  own  mind  at  least  The  first 
step  taken  was  to  determine  the  amount  of  phosphorus 
remaining  in  solution  in  residues.  To  this  end  the  fil- 
trates from  ten  analyses,  representing  fifty  grammes  pig- 
iron,  and  containing  a  large  excess  of  molybdic  acid, 
were  left  for  several  months  in  a  closet,  the  temperar 
ture  of  which  was  for  a  considerable  portion  of  th<;  time 
above  100°  F.,  and  after  filtering  out  a  small  precipi- 
tate, heated  until  even  some  iron  oxide  and  molybdic 
acid  were  precipitated,  which  precipitates  were  care- 
fully analyzed. 

The  phosphorus  recovered  amounted  to  0.002  per 
cent  (toVo)-  The  same  plan  was  afterward  adopted 
with  the  residual  fiuids  from  fourteen  analyses,  repre- 
senting seventy  grammes  of  pig-iron.  In  this  case  the 
phosphorus  recovered  amounted  to  0.0027  per  cent 

In  the  meantime  several  samples  of  iron  borings 
were  sent  to  a  laboratory,  where  numbers  of  determi- 
nations of  phosphorus  are  made  for  manufacturers  of 
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steel,  by  a  method  claimed  by  many  to  be  superior  to 
Sonnenschein's.  It  is  to  be  regretted  that  (owing  to 
pressure  of  business  and  accidents)  only  one  return  was 
made,  which  gave  0.1560  per  cent,  phosphorus  in  a 
sample  which  we  reported  as  containing  0.1564  per  cent 

The  results  are  practically  identical,  and  seem  to 
show  that  the  loss  of  phosphorus,  due  to  solubility,  is 
the  same  in  both  methods. 

The  next  step  was  to  attempt  the  recovery  of  phos- 
phorus in  iron  solutions  containing  a  known  amount. 
For  this  purpose  a  solution  of  hydro-disodic  phosphate 
was  prepared,  containing  one  gramme  in  one  litre  of 
water,  which,  upon  repeated  analyses,  was  found  to 
contain  0.08755  gramme  phosphorus. 

Theoretically  the  result  should  have  been  0.08659 
gramme.  The  difference,  0.00096  gramme,  or  about 
one  milligramme  in  one  litre,  is  probably  due  to 
slight  efflorescence  of  the  crystals  used. 

Of  this  solution  100  cc,  cf)ntaining  0.008755 
gramme  of  phosphorus,  was  used  in  each  of  the  final 
analyses.  Then  solutions,  each  containing  five  grammes 
of  fine  iron  wire  (carefully  cleaned),  were  prepared  by 
the  method  employed  in  the  analysis  of  pig-iron,  de- 
scribed below.  Some  of  these  solutions  were  analyzed 
for  phosphorus,  and  the  amount  found  to  be  0.001871 
gramme.  Finally,  two  of  the  five-gramme  solutions 
of  iron  wire  were  each  combined  with  100  cc.  of  the 
solution  of  hydro-disodic  phosphate,  and  analyzed  as 
in  the  case  of  the  iron  wire  alone. 

The  first  analysis  gave  0.010445  gramme  phosphorus, 

and  the  second  gave  0.010472  gramme,  or,  to  state  it 

in  tabular  form : 

First  Analysis. 

Five  grammes  wire  contain 0.001871  gnn.  F. 

100  c.  c.  NaaH.FO^,  1211,0  solution 
contain 0. 008756  gnn.  P. 

Total  phosphoTOB  taken 0.010636  grm.  F.  =  O.SISS  per  cent. 

Pho(f>homB  f onnd  in  above 0.010446  grm.  P.  =  0.9089      '' 

LoM  of  phoephoraa 0.000181  grm.  F.  =  0.00S6       '* 
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Second  Analysis. 

Five  grammes  wire  contain 0.001871  grm.  P. 

100  c.  c.  Na,H.P04,  ISH^O  solution 
contain 0.008755  grm.  P. 

Total  phosphorus  taken 0.010688  grm.  P.  =  0.9125  per  cent. 

Fhoephoius  found  in  above 0.010473  grm.  P.  =  0.2094       " 

Loss  of  phosphorus 0.000154  grm.  P.  =  0.0081       *' 

The  loss  of  phosphorus  is  not  greater  than  the  error 
allowed  for  difference  in  the  weights  of  filter  ash,  and 
might  be  so  considered  did  it  not  agree  so  nearly  with 
the  amount  of  phosphorus  shown  by  the  first  experi- 
ments to  be  retained  in  solution. 

The  difference  of  0.0005  (tootjo  of  one  per  cent.)  be- 
tween the  two  analyses  is  of  course  far  less  than 
allowed  error,  being  explainable  by  a  difference  of 
0.0002  gramme  in  ash  of  filters. 

It  is  well  to  state  that  the  filters  used  in  the  differ- 
ent analyses  were  of  the  same  size,  and  the  solutions 
so  nearly  alike  in  volume  as  to  render  corrections  for 
solubility  unnecessary. 

The  method  employed  by  the  writer  in  the  analysis 
of  pig-iron,  and  pursued  in  these  experiments,  is  as 
follows  : 

To  ten  grammes  potassium  chlorate,  dissolved  in 
200  C.C  water,  and  heated  to  boiling  in  a  capacious 
flask,  are  added  five  grammes  iron  borings  or  chips, 
and  then  60  c.c.  concentrated  hydrochloric  acid 
(litUe  at  a  time).  The  fluid  is  kept  boiling  gently  un- 
til all  the  iron  is  dissolved.  The  solution  is  then 
transferred  to  a  dish,  evaporated  to  dryness,  and  kept 
at  a  temperature  of  about  110°  C.  until  free  hydro- 
chloric acid  is  expelled.  The  dry  mass  is  then 
treated  with  hydrochloric  acid  and  water,  and  heated 
until  the  iron  oxide  is  dissolved ;  the  solution  is  then 
filtered  from  the  silica. 

The  iron  oxide  carrying  the  phosphoric  acid  is  pre- 
cipitated from  the  solution  by  ammonia,  filtered  out 
and  washed  moderately  (the  water  required  to  remove 
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the  precipitate  to  the  filter  being  sufficient).  The 
walls  of  the  glass  in  which  the  precipitation  is  effect- 
ed are  washed  down  by  about  25  c.c.  concentrated 
nitric  acid.  To  this  the  precipitate  is  transferred  by 
means  of  a  spatula,  with  occasional  stirring.  After 
removing  all  the  precipitate  that  can  be  conyeniently 
reached  by  the  spatula,  the  solution  is  poured  through 
the  filter  and  the  filter  well  washed  with  water,  into 
a  beaker  of  medium  size.  By  this  means  complete 
solution  is  effected  in  a  very  short  time.  This  solution 
is  now  boiled  down  to  a  very  small  bulk  to  remore 
all  chlorine  and  excess  of  nitric  acid,  diluted  to  a 
volume  of  about  250  cc,  and  neutralized  by  ammo- 
nia until  the  color  is  that  of  light  mahogany.  To 
this  an  excess  of  ^*  molybdic  acid  solution  *^  is  added, 
and  the  whole  kept  at  a  temperature  just  below  boil- 
ing for  an  hour  or  two.  As  soon  as  the  precipitate 
settles,  it  is  filtered  out  and  washed  with  diluted 
"  molybdic  acid  solution  "  and  the  filtrate  again  par- 
tially neutralized,  warmed  and  allowed  to  stand  for 
five  or  six  hours  in  a  warm  place.  Any  precipitate  is 
then  filtered  out  and  washed  as  above,  and  the  filtrate 
tested  again. 

In  rare  cases  a  third  small  precipitation  occurs, 
which  can,  however,  be  carried  through  the  regular 
stages  of  the  analysis  so  as  to  cause  no  delay. 

The  washed  precipitates  of  phospho-molybdate  are 
dissolved  through  the  filters  by  ammonia  into  a 
small  beaker,  and  the  filters  washed  with  water.  As 
a  small  quantity  of  iron  oxide,  enough  to  color  the 
filter  around  the  edges,  if  not  more,  almost  invariably 
remains  after  washing,  nitric  acid  is  now  poured 
through  the  filter,  in  small  quantity,  into  the  beaker 
containing  the  ammoniacal  solution  (to  which  enough 
**  molybdic  acid  solution  "  has  been  added  to  precipi- 
tate any  phosphoric  acid  that  may  be  combined  with 
the  iron  oxide),  and  enough  more  nitric  acid  added 
to  render  the  solution  acid  (avoiding  large  excess). 
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By  this  means  the  phospho-molybdate  is  precipitated 
free  from  iron,  which  may  have  been  previously  co- 
precipitated.  The  acid  solution  is  allowed  to  stand 
for  a  few  hours  in  a  warm  place  until  the  supernatant 
fluid  is  clear.  It  is  well,  although  rarely  necessary,  to 
test  this  fluid,  after  Altering,  by  gently  warming  and 
allowing  it  to  stand  for  a  time.  The  precipitate  is 
filtered  out  and  washed  with  **  molybdic  acid  solution  '^ 
and  dissolved  by  ammonia.  To  the  solution  is  added 
enough  hydrochloric  acid  to  render  it  acid,  and  then 
enough  ammonia  to  make  it  decidedly  alkaline,  and 
finally  "  magnesia  mixture." 

The  whole  is  now  set  aside  in  the  cold  until  the 
precipitate  of  ammonio-magnesian  phosphate  is  en- 
tirely formed,  when  it  is  filtered,  washed  with  dilute 
ammonia,  dried,  ignited,  and  weighed.  The  determi- 
nation can  be  made  in  five  days,  or  perhaps  sooner,  if 
necessary.  The  safer  plan  is  to  allow  that  time.  The 
results  seem  to  bear  out  the  assertion,  that  at  present 
we  are  acquainted  with  no  method  more  accurate. 

It  is  claimed  by  many  chemists  that  a  method,  turn- 
ing on  the  reduction  of  iron  oxide  by  means  of  sul- 
phites, particularly  that  of  ammonium,  and  precipitat- 
ing the  iron  phosphate  in  connection  with  a  small 
amount  of  oxide  by  means  of  sodium  acetate,  etc., 
gives  better  results.  Experiment  certainly  does  not 
bear  out  the  assertion.  The  difficulties  encountered  in 
connection  with  the  use  of  molybdic  acid  are  prob- 
ably due  to  inexperience. 

It  has  fallen  to  the  lot  of  the  writer  to  use  this 
reagent  in  hundreds  of  analyses,  and  he  may  be  par- 
doned for  stating,  in  addition  to  the  experiments  above 
described,  that  upon  reviewing  a  number  of  determina- 
tions of  phosphorus  in  pig-iron  made  by  him  this 
year,  the  average  discrepancy  between  duplicates  is 
0.0023  per  cent  (-nM)%7T)»  amounting  in  only  two  cases 
to  0.005  per  cent.,  while  in  a  number  of  instances  the 
results  were  identical. 
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As  to  the  temperature  at  which  the  precipitation  of 
phospho-molybdate  takes  place  most  rapidly,  in  the 
presence  of  iron  oxide,  it  was  suggested  to  try  some 
experiments.  For  this  purpose  five  grammes  of  iron- 
borings,  the  composition  of  which  had  been  previously 
determined,  were,  after  the  addition  of  "  molybdic 
acid  solution,*^  in  considerable  excess  over  the  quantity 
known  to  be  required,  allowed  to  stand  for  twenty- 
four  hours  at  a  temperature  prescribed  by  Fresenius, 
(40°  C).  The  precipitate,  filtered  and  treated  as  usual^ 
contained  phosphorus  equivalent  to  0.0279  per  cent. 
The  filtrate,  to  which  a  considerable  quantity  of  mo- 
lybdic acid  had  been  added  by  washing  the  first  pre- 
cipitate, was  allowed  to  stand  twenty- four  hours 
longer  at  the  same  temperature  as  in  the  first  instance, 
when  another  much  heavier  precipitation  occurred, 
which  gave  0.1256  per  cent,  of  phospliorus.  The 
same  plan  was  pursued  again  when  0.0056  per  cent, 
phosphorus  was  recovered  after  the  next  twenty-four 
hours.  The  filtrate  from  the  last  precipitate  was  then 
lieated  to  a  point  just  below  boiling  for  two  or  three 
hours  and  allowed  to  stand  for  twenty- four  hours  as 
before,  when  another  precipitate  formed,  equivalent  to 
0.0112  per  cent,  phosphorus. 

The  phosphorus,  recovered  in  four  precipitations 
requiring  four  days,  amounted  to  0.170  per  cent,  in  a 
sample  of  iron,  in  which  the  phosphorus  had  been 
precipitated  as  phospho-molybdate  in  one  and  a  half 
days  at  the  higher  temperature,  and  found  to  amount 
to  0.172  per  cent 

It  is  proper  to  state  that  the  precipitates  formed  at 
the  lower  temperature  contained  quite  as  much  iron 
oxide  as  is  usually  found  in  those  occurring  at  a 
higher  temperature.  In  solutions  not  containing  much 
alumina  or  iron  oxide,  there  may  be  no  advantage  in 
precipitating  at  a  high  temperature,  but  in  other 
cases  the  reverse  seems  to  be  the  case. 

School  or  Muntg  or  Goluhbu  Colliox,  Nor.,  1876. 
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XXXin. — Alcouol  in  Statu  Nascendi. 

'  BT  H.  BNDBMANN,  PH.D. 

(Bead  Nov.  2, 1676.) 

It  is  a  well-known  fact  that  substances,  ready 
formed,  frequently  do  nut  unite,  while,  if  they  are  in 
statu  nascendi,  they  may  readily  do  so,  and  it  would 
therefore  be  useless  to  give  the  facts,  which  I  intended 
to  produce  in  the  following  note,  if  they  did  not  have 
an  important  bearing  on  the  practical  application  of 
a  substance,  which  has  of  late  been  brought  to  the 
knowledge  of  the  general  public  as  an  excellent  pre- 
servative— salicylic  acid. 

During  the  early  part  of  this  year  I  had  occasion  to 
introduce  a  new  process  for  the  manufacture  of  vine- 
gar. 

To  circumvent  the  oppressive  tax  on  alcohol  and 
whiskey,  which  are  used  for  the  manufacture  of  color- 
less vinegar,  a  mash  is  made,  fermented  and  con- 
verted to  vinegar  in  the  ordinary  way.  The  sour  mash 
is  then  distilled  in  order  to  obtain  a  colorless  article 
free  from  foreign  substances. 

Practically,  of  course,  the  fermentation  is  never  a 
complete  one,  on  account  of  the  protective  power  of 
the  alcohol  for  the  sugar,  which  can  only  be  entirely 
fermented  by  very  long  treatment,  which,  in  a  manu- 
factory where  thousands  of  gallons  had  to  be  fer- 
mented daily,  was  found  impracticable. 

The  consequence  was,  that  the  sour  mash  would, 
after  some  days'  standing,  ferment  anew ;  but  the  result 
of  this  fermentation  was  not  alcohol,  but  acetic  ether. 

Diluted  alcohol  and  acetic  acid  mixed  can  remain 
un-united  for  a  considerable  time ;  but  if  the  alcohol  is 
in  statu  nascendi,  the  combination  of  alcohol  and 
acetic  acid  is  produced  at  once. 

This  fact,  which  was  known  to  me,  enabled  me  easily 
to    understand  a  peculiar  process  which  had  been 
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going  on  in  a  wine,  which  had  been  treated  by  author- 
ity of  Neubauer  with  salicylic  acid. 

Neubauer  had  stated  that  wine  may  be  preserved  by 
the  addition  of  from  20  to  60  mgs.  of  salicylic  acid  to 
the  litre.  This  would  represent  about  one  part  in 
50,000  parts,  or  one  part  in  16,000  parts. 

A  manufacturer  of  wine  in  the  southern  part  of  New 
Jersey,  where  extensive  vineyards  are  to  be  found,  bad 
sold  a  keg  of  wine  containing  twelve  gallons.  The  wine 
was  young  and  apt  to  ferment  again,  and,  as  it  went  into 
hands  which  he  considered  not  over  careful,  he  had  con- 
sidered it  necessary,  for  the  purpose  of  preventing  a 
change  in  the  wine,  while  in  the  hands  of  its  consumer, 
to  add  a  small  quantity  of  salicylic  acid,  about  one 
gr.  to  the  twelve  gallons,  or  one  part  to  about  48,000 
parts,  which  is  a  little  more  than  the  minimum  quan- 
tity as  given  by  Neubauer.  The  wine  remained,  how- 
ever, on  his  hands,  and  he  had  occasion  to  fully  study 
the  influence  of  the  acid  on  his  wine.  He  first  claims 
that  the  wine  lost  its  natural  flavor  entirely,  and  that 
by  degrees  this  was  substituted  by  a  new  flavor,  which 
he  thought  was  like  camphor.  When  I  received  the 
wine  first,  I  pronounced  its  flavor  at  once  to  have  its 
origin  in  tlie  presence  of  salicylic  ether,  and  in  fact 
this  could  easily  be  demonstrated  by  flavoring  some 
natural  wine  with  the  oil  of  wintergreen.  Oil  of  win- 
tergreen  is  the  methyl  ether  of  salicylic  acid ;  but  it  is 
so  similar  to  the  ethyl  ether,  regarding  its  flavor,  that 
a  German  firm  on  the  Philadelphia  Exhibition  had  ex- 
hibited a  glass  of  salicylic  ethyl  ether  as  artificial  oil 
of  wintergreen. 

The  formation  of  this  ether  may  be  understood  if 
we  regard  the  circumstances.  The  wine  was  only  one 
year  old,  and  therefore  could  not  be  considered  ripe 
and  ready  for  sale,  and  should  therefore  have  received, 
not  the  minimum  quantity,  but  rather  more  salicylic 
acid  to  entirely  prevent  after-fermentation.  The 
quantity  therefore   being  insufiicient,  salicylic  acid 
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came  in  contact  with  alcohol  in  statu  nascendi,  which 
caused  this  abnormal  action. 

Wine-growers  are  naturally  very  suspicious  of  chemi- 
cals, and  are  therefore  very  apt  to  make  the  same  mis- 
take ;  that  is,  they  prefer  to  use  a  minimum  quantity, 
and  I  should  not  be  surprised  if  similar  experiences 
had  followed  the  application  of  this  substance  in  other 
places. 

It  is  according  to  Prof.  Neubauer^s  prescription  that 
a  minimum  quantity  of  salicylic  acid  be  used ;  but 
this  minimum  quantity,  being  different  for  each 
brand,  is  to  be  determined  preliminarily  by  experi- 
ments on  a  small  scale. 


XXXIV.  — Prockedinos. 
Regtdar  Meeting^  Dec.  Ithy  1876. 

The  meeting  was  called  to  order  at  8.15  p.m.,  Vice- 
President  Chandler  in  the  chair.  The  minutes  of  the 
last  meeting  were  read  and  adopted.  The  Chairman, 
on  behalf  of  the  Council  of  the  Society,  presented  the 
following  resolutions  : 

Ist  **  That  the  ballots  for  regular  officers  of  the  So- 
ciety for  the  year  1877  be  sent  to  all  members  and 
counted  at  the  eomoerMzwne  to  be  held  on  Dec.  21  st, 
in  order  to  allow  non-resident  members  to  cast  their 
YOtes."     Carried. 

*'  That  the  Committee  on  Permanent  Rooms  be  dis- 
charged, and  thit  the  chair  appoint  a  new  committee 
instead."    Adopted. 

The  following  gentlemen  were  then  appointed  by 
the  chairman  as  Committee  on  Permanent  Rooms: 
Messrs.  Ooldschmidt,  Waller,  Ledoux,  and  Mott. 

The  Society  proceeded  to  the  election  of  new  mem- 
bers. The  following  were  declared  elected:  Andrew 
P.  Aitkin,  Edinburg,  Scotland ;  Wm.  Ashbumer,  San 
Francisco,  Cal. ;  P.  T.  Austen,  Stapleton,  N.  Y. ;  J.  C. 
Booth,  Philadelphia,  Penn. ;  David  H.  Cochran, 
Brooklyn,  N.  Y. ;  Wolcott  Qibbs,  Cambridge,  Mass. ; 
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C.  L.  Jackson,  Cambridge,  Mass. ;  O.  A.  Moses,  Charles- 
ton, 8.  C. ;  E.  H.  Lecour,  N.  Y. ;  W.  Wheatley,  N.  Y. 

The  following  were  proposed : 

Aa  members^W,  N.  Hill,  Newport,  R  I. ;  E.  N. 
Horsford,  Cambridge,  Mass. 

As  associates— Fred.  H.  Elder,  N.  Y.;  C.  B.  F. 
Lowe,  Augusta,  Ga. ;  Jas.  L.  Morgan,  N.  Y. ;  Stew- 
art C.  Squier,  Rahway,  N.  J. 

The  Secretary  stated  that  be  had  receiyed  applica- 
tions for  meml)er8hip  from  some  strangers,  and  would 
like  to  hear  the  sentiment  of  tlie  Society  in  regard  to 
such  applications.  He  was  instructed  to  inform  the 
applicants  that  the  rules  of  the  Society  required  that 
proposals  for  admission  must  be  signed  by  three  mem- 
bers of  the  Society,  and  to  request  said  applicants  to 
conform  to  this  rule. 

The  first  paper  of  the  eyening  was  read :  "  Analyses 
of  Mine  Waters  from  the  Lead  Regions  of  South-west 
Missouri,"  by  C.  P.  Williams.  In  the  discussion 
which  followed,  Dr.  Chandler  said  he  saw  no  solyent 
for  the  antimony.  Dr.  Alsberg  thought  it  might  be 
held  in  solution  by  the  organic  matter  present.  Prof. 
Chandler  abo  gave  Whitney's  views  about  the  forma- 
tion of  the  Missouri  lead  deposits. 

The  second  and  third  papers  were  read  by  P.  Casa- 
major :  **  On  a  New  Mounted  Burette,"  and  "  On  Cor- 
rection of  the  Errors  Due  to  the  Variations  of  Tem- 
perature." 

The  fourth  paper  read  was  that  "On  Potable 
Water,"  by  H.  B.  Cornwall. 

The  chair  announced  the  death  in  San  Francisco  of 
Mr.  T.  M.  Blossom,  a  member. 

A  letter,  received  from  Prof.  Collier  in  Burlington, 
Yt.,  asking  for  information  about  charges  for  an 
examination  for  poisons,  was  referred  to  the  Council. 

Prof.  T.  Egleston  sent  a  communication  in  regard 
to  the  Inaugural  Address,  which  was  received  and 
placed  on  file. 
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Dr.  Martius,  of  Berlin,  informed  the  Society  by  letter 
that  the  "  Deutsche  Chemische  Gesellschaft "  will  ex- 
change their  proceedings  with  ours,  and  that  an  offi- 
cial communication  to  that  effect  will  soon  be  made. 

Prof.  T.  Sterry  Hunt  caused  to  be  submitted  to  the 
Society  a  plan  for  an  international  geological  exhibi- 
tion and  congress,  to  be  held  in  Paris  in  1878. 

Mr.  W.  A.  Miles  invited  the  Society  to  hold  its  next 
eanveraazions  at  his  brewery.  It  was  resolved  to  accept 
the  invitation.     Adjourned. 

M.  Alsbbro,  Rec.  Sec.  pro  tern. 


XXXV. — Proceedings. 

Begular  Meeting,  January  Ath,  1877. 

The  meeting  was  called  to  order  at  8.30  p.m.,  Vice- 
President  Chandler  in  the  chair.  The  minutes  of  the 
last  meeting  were  read  and  adopted.  The  different 
committees,  through  their  respective  chairmen,  made 
their  annual  reports,  which  were  adopted.  The  report 
of  the  Treasurer  showed  a  balance  in  bank  of  $1,363.04. 
The  Treasurer  recommended  that  only  one  signature 
to  all  checks  and  vouchera  be  declared  necessary,  in- 
stead of  two  as  hitherto,  and  that  he  be  authorized  to 
retain  small  amounts  in  his  own  keeping  until  in  pos- 
session of  a  sum  large  enough  to  deposit  in  the  Chem- 
ical Bank.     Referred  to  the  Council. 

The  result  of  the  annual  election  of  officers  for  1877, 
held  December  27th,  1876,  was  announced,  the  ticket 
as  fixed  upon  in  Committee  of  the  Whole  having  been 
elected.  In  consequence  of  the  absence  of  the  Record- 
ing Secretary  |W(?  tern..  Dr.  Walz,  Mr.  Alsberg  was 
elected  Recording  Secretary  pro  tern. 

The  Committee  on  Pennanent  Rooms  reported  that 
they  could  make  no  definite  arrangements  until  in- 
structed with  regard  to  the  sum  which  the  Society  would 
be  willing  to  expend ;  that  some  members  had  offered 
an  annual  contribution  of  $100  for  one  or  two  year? 
for  the  establishment  of  permanent  rooms,  and  that 
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they  be  authoriased  to  receive  such  subscriptions.  After 
some  discussion  it  was  decided  to  grant  such  authority, 
with  the  understanding  solicitations  should  be  con- 
fined to  members,  and  the  engagement  of  permanent 
rooms  should  be  postponed  until  such  time  as  the 
financial  condition  of  the  Society  should  be  stronger 
than  it  is  at  present. 

The  Society  then  proceeded  to  the  election  of  mem- 
bers.    The  following  were  declared  elected  : 

Members.—^.  N.  Hill,  Newport,  R  L  ;  E.  N.  Hora- 
ford,  Cambridge,  Mass. 

AasoeUiteB. — C.  B.  F.  Lowe,  Augusta,  Ga. ;  James 
L.  Morgan,  N.  Y. ;  Stewart  C.  Squier,  Rahway,  N.  J. ; 
Fred.  H.  Elder,  N.  Y. 

The  following  were  proposed  as  members :    A.   J. 

Coming,  Baltimore ;   J.  D.   Hague,   San  Francisco ; 

A.  Means,  Oxford,  Ga ;  Jolm  Thellberg,  Jersey  City. 

Tlie  resignations  of  F.  W.  Clarke  and  P.  Frazer  were 

accepted.     Dr.  C.  A.  Doremus  laid  before  the  Society 

a  personal  matter  concerning  professional  etiquette, 

which  was  ruled  out  of  order. 

Adjourned. 

M.  Alsbero,  Rec  Sec  pro  tern. 


XXXVI. — The  Amertcan  Chemical  Society, 

IN   ACCOUNT   WITH   W.    M.    HABIRSHAW,    TREASURER. 

1876. 

Dec.  80.  To  rent  as  follows : 

Emil  Heim,  May  26 |25  00 

Chickering  HaU,  Nov.  16,  75  00    $100  00 

Dec.  80.  To  Stationery,  Printing,  etc.  : 

T.  J.  Marcellus,  May  6. . . .  8  75 

T.  J.MarceUuB,  Junel....  11  25 

Chas.  Vogt,  June  1 80  75 

I.  Walz,  June  12 83  99 

Chaa  Vogt,  Sept.  29 16  65 

I.  Wabs,  Oct.  2 10  92 

Kimmel,  Oct.  81 29  00      181  31 
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Dec.  80.  To  advertising  Inangaral  Ad- 
dress   29  88 

'*        To  printing  proceedings 42  55 

^*'        To  printing  list  of  members. .  39  50 

**        To  postage: 

Hussey  Message  Post 14  07 

Postage  stamps 9  65        23  72 

"        To  balance 1,363  04 

$1,780  00 

Dec.  30.  By  cash  received  to  date  as  follows : 
52  resident  members  @ 

$10 $520  00 

83  non-resident  members  \ 

@$5 U20  00 

J.  C.  Booth,  for  two  years, ) 

2  life  members  @.  $100. .  200  00 

23  associate  members   @, 

$5 115  00 

5  life  associate  members 

@$100 500  00 

1   non-resident  (annual 
contribution) 25  00  $1,780  00 

Dec.  30.  By  balance $1,363  04 


XXXVII. — Analysis  op    Mink  Water   from    the 

Lead  Region  of  South-west  Missouri. 

by  gha8.  p.  williams,  ph.d. 

(Read,  Deo.  7,  1876.) 

In  Jasper  County,  south-west  Missouri  —the  scene  of 
active  lead  mining  and  smelting  operations — the  gale- 
nite  occurs  in  certain  members  of  the  Archimedes 
limestone  (subcarboniferous  age).  The  mineral  is  as- 
sociated with  sphalerite  and  calcite,  as  the  principal 
gangues,  but  the  deposits  contain,  also,  dolomite,  py- 
rites, and  bitumen.  The  secondary  or  later  species, 
noted  as  resulting  from  the  chief  minerals,  are  cala- 
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mine,  smithsonite,  cerussite,  and  limonite  as  the  more 
abundant  (and  in  the  order  of  their  abundance),  be- 
sides the  rarer  species,  hydrognicite  and  pyromorphite. 

The  results  of  analysis  of  two  lots  of  mine  water, 
from  the  pumping  on  two  successive  days  from  the 
main  shaft,  may  not  be  without  interest  in  connection 
with  a  study  of  the  genetic  relations  of  the  later  species 
with  those  of  older  origin.  The  main  or  pump  shaft 
is  eighty -fiye  feet  in  depth,  and  drains  a  radial  dis- 
tance of  a  little  less  than  half  a  mile,  or,  more  near- 
ly, about  five  hundred  acres  of  lead-producing  area, 
worked  by  a  number  of  smaller  shafts  or  '*  diggings  ^' 
of  individual  miners. 

The  results  obtained  are  expressed    in  grains  per 

gallon  of  231  cubic  inches,  and  are  as  follows: 

Sodium  chloride 0.16032  0.18094 

Sodium  sulphate 0.49009  0.48831 

Potassium  sulphate 0.31879  0.33772 

Calcic  sulphate 27. 98303  28.31 665 

Magnesic  sulphate 2.74152  2.23635 

Baric  sulphate 0.08164  0.07115 

Zinc  sulphate 13.14142  13.08099 

Cupric  sulphate 0.01711  0.01171 

Aluminic  sulphate 0.58649  0.69906 

Calcic  carbonate 4.58545  4.48954 

Ferrous  carbonate 2.29817  2.73376 

Manganous  carbonate  . .  Trace.  Trace. 

Arsenious  acid 0.11887  0.15193 

Antimonous  acid 0.12232  0.13022 

Silicic  acid 0.81645  0.64033 

Organic  matters 4.14058  3.63904 

Total  solids 57.60315       57.20170 

Tlie  copper,  arsenic,  and  antimony  were  obtained 
by  the  evaporation  of  four  litres  of  the  water,  and  no 
trace  of  lead  could  be  found  in  the  residue. 

The  presence  of  baric  sulphate,  though  in  small 
amount,  is  noteworthy,  since  neither   barite  nor  any 
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species  containing  barium  has  ever  been  noticed  in  any 
of  the  deposits  of  the  south-western  lead  region. 
Barite  is,  however,  a  common  gangue  of  the  lead 
ores  in  the  central  and  south-western  regions,  where 
the  deposits  are  of  lower  Silurian  age. 

The  antimony  and  copper  may  be  accounted  for  by 
the  presence  of  these  metals  in  small  amounts  in 
nearly  all  the  galenite  specimens  obtained  from  the 
deposits  of  Jasper  County.  With  eight  specimens  of 
carefully  selected  and  apparently  pure  galenite  from 
the  shafts  in  the  vicinity  named,  I  obtained  the  follow- 
ing percentages  of  the  two  metals : 

Antimooy,  Copper, 

per  cent.  per  cent. 

1 07429  .00478 

n trace.  nil. 

Ill nil.  nil. 

IV. 04912  nil. 

V 32184  .04232 

VI 03323  .01038 

VII 02784  .03724 

VIIL 00709  .01517 

Mean 06418         .01374 

The  sphalerite  from  the  same  locality  also  shows 

traces  or  small  amounts  of  antimony  and  copper,  and 

in  many  instances  traces  of  arsenic.     The  latter  is 

rarely  present  in  the  galenite  of  south-west  Missouri. 
Holla,  Mo.,  Sept.  27, 187S. 


XXX Vin. — Contributions  to  Volumetric  Ana- 
lysis. 
Second  JFHper, — On  a  lieto  Mounted  Burette, 

BY  p.    CABAMAJOK. 

(Read,  Dec.  7th,  1876.) 

Note. — Since  reading  this  paper  before  the  Ameri- 
can Chemical  Society,  I  have  found  that  in  the  essential 
characteristics  of  this  burette,  I  had  been  anticipated. 
In  the  new  work  of  E.  J.  Maumen6,  Traite  Theorique 
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et  Pratique  de  la  Fabrication  du  8uere,  at  p.  482,  Tol- 
ume  1st,  is  a  wood-cut,  accompanied  by  a  description, 
in  which  the  liquid  of  the  burette  is  displaced  by  a 
plunger,  and  it  drops  out  of  the  instrument  from  a 
small  beak  at  the  top  of  the  outer  tube.  This  burette 
is  attributed  to  £.  J.  Maumen^,  the  preface  of  whose 
book  bears  the  date: — Paris,  September,  1876. — P.  C] 

At  the  last  meeting  of  this  Society,  I  described  and 
exhibited  a  new  burette  of  the  portable  class.  This 
evening  I  will  solicit  your  attention  to  another  new 
burette  of  the  class  called  mounted  or  permanent. 

Burettes  of  this  class  have  many  advantages  over 
portable  instruments.  For  one  thing,  they  can  be 
made  much  longer,  so  that,  for  the  same  degree  of 
minuteness  in  their  scales,  they  are  able  to  hold  much 
larger  quantities  of  liquid,  and  consequently  do  not 
require  to  be  replenished  so  often.  Tliey  are  also  less 
liable  to  breakage  than  portable  instruments,  as  they 
are  firmly  held  in  a  stand,  and  are  not  so  subject  to 
accidents  from  handling.  Instruments  of  this  class 
have,  however,  a  serious  defect  in  common,  w^hich  is 
that  they  have  an  opening  at  the  bottom,  from  which 
the  test  solutions  run  out,  the  flow  being  regulated  by 
a  valve  or  cock,  which  generally  lets  the  contents  leak 
out  at  improper  times.  Even  when  the  key  of  a  glass 
cock  fits  perfectly,  if  it  is  suflSciently  loosened  to  allow 
it  to  work  with  nicety,  enough  liquid  may  escape 
around  the  key  and  remain  adhering  to  the  instru- 
ment to  afford  inaccurate  results. 

Dr.  Mohr's  burette  is  not  open  to  this  objection,  but 
it  is  ill-adapted  to  hold  many  of  the  solutions  used  in 
volumetric  analysis  on  account  of  the  perishable  nature 
of  its  rubber  tube. 

After  trying  for  a  long  time  to  contrive  a  valve  or 
cock  not  liable  to  leakage,  I  turned  my  attention  in 
another  direction,  and  the  result  is  the  combination  I 
present  to  you  this  evening,  which  shows  a  mounted 
burette  without  a  valve  or  a  cock.  (See  Fig.  1  and 
Fig.  2.) 
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This  result  baa  been  accomplished  bj  dividing  tbe 
burette  into  tno  portions ;  one,  which  I  will  call  the 
outer  tube,  holds  the  test  solution,  while  the  other, 
which  is  the  inner  tube  or  plunger,  bears  the  graduated 
scale.  As  this  Utter  portiou  ainks  into  the  outer  tul« 
it  displaces  a  certain  volume  of  liquid,  which  Ands  its 
wa;  out  through  the  little  beak  C  (Fig.  3). 

Tbe  pluDger-tub« 
being  a  plain  cylin- 
der, has  nothing  in 
its  shape  that  de- 
serven  attention.  It 
is  not  so,  however, 
with  the  outer  tube, 
whose  upper  portion 
is  expanded  and  pro- 
vided with  a  beak. 
This  portion  is  rep- 
resented in  Fig.  8, 
in  which  A  is  the 
outer  tube,  B  the 
plunger,  C  the  beak' 
belonging  to  the 
outer  tube,  and  D 
the  index.  In  this 
figure  I  have  endeav- 
ored to  give  every 
detui  that  is  neces- 
sary to  obtain  single 
drops  when  the 
plunger  is  properly 
lowered.  The  ob- 
ject of  enlarging  the 
(ActMlriM.)  "PP*''  portion  of  the 

outer  tu)>e  is  to  pre- 
vent any  variation  in  the  surface  of  tbe  liquid.  If 
the  outer  tube  was  not  made  larger  at  this  part,  the 
plunger  tube,  as  it  moved  down,  would  not  keep 
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equally  distant  from  eyery  portion  of  the  inner  surface 
of  the  outer  tube.  Whenever  the  distances  varied,  the 
shape  of  the  surface  of  liquid  would  vary  also,  rising 
as  the  sides  of  the  tubes  drew  nearer  together.  The 
consequence  of  this  would  be  that  for  a  downward 
movement  of  the  plunger,  sufficient  to  afford  a  drop, 
sometimes  no  liquid  would  fall,  and,  at  other  times, 
several  drops  would  fall  in  succession.  By  widening 
the  upper  portion  of  the  outer  tube  the  surface  of  the 
liquid  remains  the  same  for  all  positions  of  the 
plunger. 

The  shape  taken  by  the  liquid  at  the  top  of  the 
outer  tube  is  represented  in  fig.  8.  We  may  notice  that 
the  surface  of  the  liquid  between  the  plunger  and  the 
outer  tube  forms  a  ring,  the  liquid  rising  slightly  as  it 
touches  the  glass  surfaces.  At  the  end  of  the  beak 
there  always  remains  a  small  particle  of  liquid,  which 
ought  to  spread  partly  on  the  under  surface  of  the 
beak,  as  shown  in  Fig.  3.  The  liquid,  with  an  annular 
surface  between  the  two  tul>es,  that  which  fills  the 
beak,  and  the  small  portion  adhering  to  the  end  of  the 
beak,  form  altogether  a  system  whose  equilibrium  is 
very  easily  disturbed.  When  the  inner  tube  is  pushed 
down  sufiiciently,  so  that  the  additional  volume  that 
enters  in  the  liquid  is  equal  to  about  ^ai  of  a  cubic 
centimetre,  the  small  volume  of  liquid  at  the  end  of 
the  beak  increases  perceptibly,  and  a  drop  escapes. 
Unless  the  beak  is  so  small  as  to  remain  entirely  full 
of  liquid,  and  unless  the  end  of  the  beak  is  such  that 
a  small  volume  of  liquid  adheres  to  it  exteriorly,  deli- 
cacy of  equilibrium  cannot  be  obtained,  and  the  burette 
will  not  respond  with  readiness  and  regularity  to  very 
small  downward  motions  of  the  plunger. 

As  glass  tubes  are  not  made  cylindrical,  but  slightly 
conical,  an  accurate  graduation  could  not  1^  obtained 
by  taking  the  whole  volume  of  a  tube  between  two 
points,  situated  near  its  extremities,  and  dividing  the 
space  equally  into  cubic  centimetres.    The  best  plan  is 
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to  divide  a  long  tnbe  into  several  equal  portions,  each 
representing  a  known  number  of  centimetres,  and  after- 
wards  subdivide  each  portion  into  centimetres  and 
fractional  parts.     The  plunger  of  this  burette  was 
divided  into  portions  of  10  cubic  centimetres,  and 
each  such  portion  was  subdivided  into  centimetres  and 
tenths.     To  effect  this,  the  first  step  was  to  take  along 
and  narrow  test-tube,  which  was  gauged  by  placing  in 
it  10  cubic  centimetres  of  water,  and  marking  the  sur- 
face of  the  liquid  on  the  side  of  the  tube.    This  tube, 
after  being  emptied  and  dried  with  bibulous  paper, 
was  ready  for  use.    The  outer  tube  of  the  burette  being 
filled  with  water  so  that  a  portion  drops  out  of  the 
beak,  the  plunger,  with  its  bottom  closed,  but  its  top 
still  open,  is  lowered  gradually  until  a  few  drops  have 
stalled  again  from  the  beak.     This  is  the  starting- 
point  which  is  marked  on  the  plunger  opposite  lo  an 
index,  which  may  very  conveniently  be  placed  on  a 
cap  covering  the  outer  tube  (see  D,  Fig.  3).    The  mark 
on  the  tube  may  be  made  with  a  file,  previously  moist- 
ened with  spirits  of  turpentine  or  petroleum,  to  pre- 
vent the  abrasion  from  cracking  the  glass.    In  the 
next  place,  the  test-tube,  capable  of  holding  10  c.c.,  is 
placed  under  the  beak,  and  the  plunger  is  lowered 
until  the  test-tube  is  filled  up  to  the  mark  designating 
10  c.c     Another  mark  is  then  made  on  the  plunger- 
tube  as  before,  and  the  operation  is  repeated  until  the 
bottom  of  the  plunger  touches  the  bottom  of  the  outer 
tube.     After  every  volume  of  10  c.c.  has  been  meas- 
ured, the  test-tube  is  dried  with  bibulous  paper,  to 
get  it  ready  for  the  next  measure.     When  the  opera- 
tion is  ended,  the  result  is  a  series  of  marks  on  the 
plunger,  between  which  its  outside  dimensions  are 
equal  to  10  c.c.     Now  a  long  and  narrow  strip  of 
paper  is  taken,  and  the  distances  between  the  marks 
on  the  phmger  are  transferred  with  a  compass  on  the 
paper.     After  this,  each  space  is  divided  into  10  equal 
parts,  which  are  again  subdivided  into  10  equal  parts, 


187 

the  smaller  divisions  representing  tenths  of  cubic 
centimetres. 

The  next  step  is  to  introduce  the  paper  scale  into 
the  plunger-tube,  which  was  found  to  be  a  difficult 
operation,  as  the  strip  of  paper  would  not  go  in 
straight  on  account  of  its  great  length.  The  difficulty 
was  overcome  by  pasting  the  strip  of  paper  to  the  out- 
side of  a  glass  tube,  whose  diameter  was  small  enough 
to  allow  it  to  slip  easily  into  the  plunger-tube.  A  little 
wad  of  paper  or  cotton  should  be  placed  in  the  plunger- 
tube  before  introducing  the  tube  bearing  the  scale,  to 
prevent  a  sudden  shock  from  cracking  the  tubes. 

The  scale  should  be  placed  on  the  narrower  tube  in 
such  a  way  that,  when  lowered  in  its  place,  the  divis- 
ions of  the  paper  scale  corresponding  to  0, 10  cc,  20 
C.C.,  etc.,  may  be  found  opposite  to  the  file  marks  on 
the  plunger- tube.  Aftei'wai'ds,  the  top  of  the  plunger- 
tube  is  closed  by  melting  over  a  lamp. 

In  Fig.  1  and  Fig.  2  are  shown  two  ways  of 
mounting  the  burette.  In  Fig.  1,  the  height  from  the 
beak  to  the  bottom  of  the  outer  tube  is  28  inches,  and 
the  instniment  may  be  placed  either  on  the  fioor  or  on 
a  table.  In  the  first,  the  operator  must  be  seated, 
while  in  the  second  case  he  must  stand,  so  that  in 
every  case  his  eye  may  be  placed  opposite  to  the  index. 
The  plunger-tube  in  Fig.  1  is  held  by  two  clamps. 

In  Fig.  2,  the  distance  between  the  beak  and  the 
bottom  of  the  outer  tube  is  42  inches.  The  outer  tube 
reaches  to  the  floor,  and  it  may  be  protected  by  a  case 
of  wood  or  metal.  The  plunger  is  attached  to  a  flexi- 
ble band  or  belt,  free  from  torsion,  so  that  the  scale 
will  always  remain  in  front  of  the  index. 

The  belt  passes  over  a  pulley  attached  to  the  wall 
of  the  laboratory,  and  the  other  end  of  the  belt  bears 
a  weight  to  counterbalance  the  plunger-tube.  The 
operator  must  be  seated  when  using  tliis  instrument. 
A  l>urette  of  greater  length  may  be  made  on  the  same 
plan  by  running  the  outer  tube  to  the  floor,  and  mak- 
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ing  it  high  enongh  to  place  the  index  opposite  to  the 
eye  of  the  operator  when  standing. 


XXXIX. — Contributions  to  Volumetric   Ana- 
lysis. 

Third  Paper. — Correction  of  the  JSSrrora  Due  to  Varia- 
tions of  Temperature, 

BY  p.    CASAMAJOR. 

(Read,  DeaTth,  1876.) 

In  a  paper  "  On  a  New  Portable  Burette,'*  which  I 
had  the  honor  of  reading  before  this  Society  at  oar 
November  meeting,  I  called  your  attention  to  the  fact 
that  many  chemists  were  unwilling  to  trust  the  pro- 
cesses of  volumetric  analysis,  on  account  of  the  errors 
which  resulted  from  the  effect  of  variations  of  tern 
perature  on  the  strength  of  the  test  solutions.  These 
chemists,  however,  very  willingly  avail  themselves  of 
the  reactions  of  this  branch  of  analysis,  and  they  have 
adopted  the  plan  of  weighing  their  solutions  instead 
of  measuring  them.  For  their  use  I  gave  a  modifica- 
tioD  of  the  portable  burette,  adapted  to  being  placed 
in  the  pan  of  a  balance. 

Although  it  is  more  accurate  to  weigh  a  solution 
than  to  measure  it,  it  is  difficult  to  give  up  the  con- 
venience and  rapidity  which  belong  to  volumetric 
analysis,  and  I  believe  that  most  chemists  prefer  to 
measure  their  solutions ;  many  even  have  adopted  the 
opinion  that  the  errors  resulting  from  variations  of 
temperature  are  so  slight  as  to  be  scarcely  appreciable 

If  we  compare  this  opinion  with  that  of  the  other 
chemists  before  mentioned,  that  these  errors  are  so 
important  that  they  are  unwilling  to  trust  volumetric 
analysis,  it  must  strike  us  that,  in  such  an  important 
matter,  we  should  have  something  better  than  opinions, 
and  that  it  is  desirable  to  know,  with  some  precision, 
what  degree  of  change  may  result  from  known  varia- 
itons  of  temperature. 
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I  propose  this  evening  to  examine  the  effect  of 
changes  of  temperature  on  the  Yolumes  of  test  solu- 
tions, and  to  give  an  easy  method  of  correcting  the 
errors  resulting  from  these  changes. 

At  the  start  I  must  call  your  attention  to  one  point, 
that  the  reagents  used  in  yolumetric  analysis  are,  with 
few  exceptions,  in  a  highly  diluted  condition,  their 
principal  constituent  being  water,  which  holds  in 
solution  small  percentages  of  acids,  alkalies,  or  salts. 
A  liquid  so  constituted  must  expand  and  contract  so 
nearly  like  pure  water,  that  any  errors  which  may  re- 
sult from  taking  for  their  changes  of  volume  those  of 
pure  water,  must  be  so  small  as  to  be  inappreciable. 

To  determine  the  changes  of  volume  of  water  which 
correspond  to  changes  of  temperature,  I  propose  to 
make  use  of  the  data  given  by  Dr.  Matthiessen  in  his 
remarkable  researches  on  the  expansion  of  water, 
glass,  and  mercury,  published  in  the  Philosophical 
Transactions  for  1866.*  Dr.  Matthiessen  found  that 
the  expansion  of  water  for  a  rise  of  1°  C.  was  differ- 
ent at  different  temperatures ;  that  it  increased  as  the 
temperature  increases,  although  the  rcOe  of  increase 
diminished.  In  Table  No.  1,  given  below,  are  to  be 
found,  at  every  five  degrees,  the  fractions  of  1  cc, 
which  represent  the  expansion  of  1  cc,  for  a  rise  of 
temperature  equal  to  1°  Centigrade.  The  numbers 
given  by  Dr.  Matthiessen  range  from  5°  to  lOO""  C,  but 
I  have  not  made  calculations  beyond  45%  which  is  a 
higher  temperature  than  is  ever  attained  in  our  labora- 
tories. 


*  See  Brooke's  Nat.  FhU.,  p.  761.    London.    1867. 
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Table  No,  1. 


Expansion  of  1  c.c.  of  water  for  riee  of  temperature 
of  V*  Centigrade, 

At    5"  C.  the  expansion  is  0.000022. 


10" 

0.00(i098. 

15" 

0.000162. 

20" 

0.000215. 

25" 

0.000259. 

30" 

0.000200. 

85" 

0.000345. 

40" 

0.000388. 

45'' 

0.000428. 

Fur  the  researches  that  we  have  in  view,  wc  need  the 
expansions  for  a  rise  of  1°  at  every  degree  Centigrade, 
su  as  to  be  able  to  calculate  the  total  expansion  from 
any  degree  taken  as  a  normal.  The  numbers  represent- 
ing these  expansions  may  be  obtained  by  taking  a 
series  of  perpendicular  equidistant  lines  (see  Fig.  U, 
and  adopting,  as  the  abscisses,  the  degrees  of  the  Cen- 
tigrade thermometer  from  5"  to  45°,  and,  as  the  ordi- 
nates,  unities  representing  0.00001  of  a  cubic  centimetre. 
The  latter  numbers  are  marked  on  the  left  in  the  ac- 
companying figure. 

By  marking  on  the  vertical  lines  corresponding  to 
5%  10°,  15**,  etc.,  distances  from  the  0  line  representing 
the  expansions  for  l""  C.  at  these  temperatures,  and  by 
connecting  these  points  by  a  curved  line,  we  are  able 
to  find  the  expansions  for  every  intermediate  degree  of 
temperature.  This  is  done  by  counting  on  every 
vertical  line  the  number  of  divisions  from  the  0  line 
to  the  curve.  This  curve  is  the  one  drawn  vHth  a 
dotted  line  in  Fig.  1.  By  drawing  this  curve  with 
great  care  on  a  large  scale,  the  following  numbers 
were  obtained  for  the  expansion  of  1  c.c.  of  water  for 
an  increase  of  V  Q.  for  every  degree  from  5"  to  45''.    , 
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Table  No,  2. 

Expansion  of  1  c.c.  of  water  at  every  degree  Centi- 
grade from  5"  to  45"  for  a  rise  of  1"  C. 


Sxpanidon. 


Degree 
C. 

Bxpanalon. 

Degree 
C. 

Expansion. 

1 

Degree 
C. 

6" 

0.000022 

19' 

0.000205 

33" 

6" 

0.000036 

20" 

0.000215 

34" 

.   7" 

0.000052 

2r 

0.000224 

35" 

8" 

0.000068 

22' 

0.000233 

36" 

9" 

0.000084 

23^ 

0.000242 

37" 

10" 

0.000098    ! 

,   24" 

0.000250    , 

38" 

11" 

0.000112 

1   25° 

0.000259 

39' 

12" 

0.000124 

!   26" 

0.000260 

1   40" 

13' 

0.000188 

27" 

0.000272    1 

41" 

14" 

0.000150 

28" 

0.000278    ; 

42" 

15" 

0.000162 

29" 

0.000284    1 

43" 

16" 

0.000178    1 

30" 

0.000290    1 

44" 

17" 

0.000164 

31" 

0.000300 

45^^ 

18" 

0.000194 

32" 

0.000312 

o.ooas22 

0.000333 
0.000344 
0.000853 
0.000362 
0.000370 
0.000379 
0.000388 
0.000396 
0.000404 
0.000412 
0.000420 
0.000428 


The  curve  which  affords  the  numbers  in  the  preced- 
ing table  is  drawn  in  Fig.  1  with  a  dotted  line.  In  the 
same  figure  there  is  another  curve  drawn  with  a  full 
white  line,  whicli  will  be  noticed  hereafter.  The  dotted 
curve,  which  turns  its  concavity  downwards  and  has 
quite  a  regular  shape  from  5"  to  32%  afterwards  be- 
comes quite  irregular,  and,  after  turning  its  convexity 
towards  the  abscisses  from  32°  to  40",  becomes  con- 
cave again  with  a  leaser  curvature,  wliich  continues 
pretty  regular  if  the  curve  is  prolonged  to  100".  Dr. 
Matthiessen  gave  a  complicated  formula  for  the 
volumes  from  4"  to  32",  and  anotlier  for  those  between 
82"  and  100°. 

The  figures  of  the  preceding  table,  which  give  the 
expansion  of  1  c.c.  of  water  at  every  degree  for  a 
rise  of  1"  C,  will  enable  us  to  calculate  the  total 
expansion  of  a  volume  of  water  at  any  temperature, 
starting  from  any  degree  as  a  normal.  Although 
25"  would  be  a  very  convenient  temperature  to  take 
as  a  normal,  as  it  represents  very  approximately^  the 
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average  temperature  of  our  laboratories,  I  propose, 
in  common  with  the  generality  of  chemists  and 
physicists,  to  adopt  15°  as  the  temperature  from 
which  to  calculate  the  expansions  and  contractions  of 
our  test  solution. 

If  we  take  15°  as  a  normal,  we  may  inquire  what 
will  be  the  expansion  of  1  c.c.  of  water  when  the  tem- 
perature increases  to  16°. 

In  the  table  given  above,  we  find,  opposite  to  16°». 
the  number  0.000178,  which  may  1)e  taken  as  the 
expansion  at  that  temperature.  If  we  wish  to 
know  the  total  expansion  from  15°  to  17°,  we  must 
t^ke  the  number  0.000184,  placed  opposite  17°  in 
Table  No.  2,  and  add  it  to  0.000178,  which  will  give 
0.000867. 

In  the  same  manner,  to  find  the  total  expansion 
from  15°  to  18°,  we  must  add  to  the  above  number, 
0.000357,  the  number  0.000194,  and  the  sum  will  be 
0.000551. 

We  may  proceed  in  the  same  manner,  from  degree 
to  degree,  up  to  45°,  by  adding  the  expansion  cor- 
responding to  each  degree  in  Table  No.  2  to  the 
sum  of  the  expansions  of  all  the  preceding  degrees 
from  16°. 

Below  15°,  we  wiU  take  for  14°  the  number  0.000150 
placed  opposite  14°  in  the  preceding  table;  for  18'',  we 
will  add  to  0.000150  the  number  0.000138,  which  will 
give  the  total  0.000288,  and  we  may  proceed  in  the 
same  manner  adding  the  number  opposite  to  each  de- 
gree to  the  sum  of  the  numbers  corresponding  to  all 
the  preceding  degrees  from  14°,  until  we  reach  5*. 
We  must  bear  in  mind,  liowever,  that  for  temperatures 
below  15°  C.  the  numbers  represent  contractions,  and 
are  to  be  subtracted. 

The  numbers  thus  obtained  will  give  the  second 
column  of  Table  No.  8. 
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TahU  No.  8 Total  Expan«ion»from  15°  0. 


Degree  a 

Absolate  Expansion. 

Belative  Expansion. 

5° 

0.000878 

0.000612 

6° 

0.000856 

0.000622 

7° 

0.000820 

0.000612 

8° 

0.000772 

0.000590 

9° 

0.000706 

0.000550 

10° 

0.000622 

0  000492 

11° 

0.000524 

0.000420 

12° 

0.000412 

0.000334 

13° 

0.000288 

0.000236 

14° 

0.000150 

0.000124 

15° 

Normal 

Normal 

16° 

0.000173 

0.000147 

17° 

0.000357 

0.000305 

18° 

0.000551 

0.000473 

19° 

0.000756 

0.000652 

20° 

0.000971 

0.000841 

21° 

0.001119 

0.001039 

22° 

0.001428 

0.001246 

23° 

0.001670 

0.001462 

24° 

0.001920 

0.001686 

25° 

0.002179 

0.001919 

26° 

0.002445 

0.002159 

27° 

C. 002717 

0.002405 

28° 

0.002995 

0.002657 

29° 

0.003279 

0.002913 

30° 

0.003569 

o.oasiTO 

31° 

0.003869 

0.003453 

32° 

0.0(4181 

0.003739 

33° 

0.004503 

0.004035 

34° 

0.004836 

0.004342 

35° 

0.005180 

0.004660 

36° 

0.005533 

0.004987 

37° 

0.(»05895 

0.005323 

38" 

0.006265 

0  005667 

89" 

0.006644 

0.000040 

40° 

0.007032 

0.006382 

41° 

0.007428 

0.006752 

42" 

0.007832 

0.007130 

43" 

0.008244 

0.007516 

44° 

0.008664 

0.007910 

45° 

0.009092 

0.008312 

In  the  preceding  remarks  we  have,  with  a  view  of 
presenting  the  subject  in  its  greatest  simplicity,  pur- 
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1.005823,  tlie  quotient,  34.819  cc.  represents  the  vol- 
ume at  15",  corresponding  to  85  cc.  at  87°. 

Instead  of  dividing  85  by  1.005828,  the  operation 
would  be  much  simplified  by  multiplying  by  -roT^im 
=0.994705,  and  a  table  might  be  formed  in  which, 
opposite  to  each  degree  of  temperature,  would  be 
found  a  factor,  by  which  to  multiply  the  volume  of 
test  liquor  used  in  an  analysis. 

I  have,  however,  to  propose  a  plan  which  is  easier 
and  more  simple  in  practice,  and  which  will  be  read- 
ily understood  by  referring  to  the  curve  drawn  with  a 
full  white  line  in  Fig.  1.  If  we  suppose,  as  before, 
that  the  space  between  the  vertical  lines  represents  1' 
Centigrade,  and  if  we  attribute  to  the  space  between 
two  horizontal  lines  a  value  equal  to  0.0001  cc,  as 
shown  on  the  right  of  Pig.  1,  we  may  mark  on  every 
vertical  line,  starting  from  the  horizontal  line  marked 
0,  a  distance  equal  to  the  number  0.0001  cc,  which 
represents  the  total  relative  expansions  at  the  corre- 
sponding temperature.  We  may  now  connect  all  the 
points  thus  obtained  by  a  curve.  This,  by  referring 
to  Fig.  1,  is  the  curve  drawn  with  a  full  white  line, 
which  presents  the  appearance  of  an  imperfect  para- 
bola with  its  apex  at  6**  Centigrade.* 

By  referring  to  Fig.  1,  we  may  notice  that  this  curve 
intersects  the  horizontal  lines  corresponding  to  0 .  0005, 
0.001,  0.0015,  0.002.0.0025,  etc,  at  certain  points, 
and  that  we  may  easily  ascertain  to  what  temperature 
these  points  correspond.     We  will  then  find  that 

0.0005  corresponds  to    9 . 9°  Centigrade. 


0. 

15" 

0.0005 

18.2" 

0.001 

20.75" 

0.0015 

23.2" 

0.002 

25.3 

*  The  reaaon  that  the  apex  is  at  6^  instead  of  6**.  Ib  that  the  ex- 
panfdon  for  l*  at  S"  isO.OGOOSS  (see  Table  No.  2),  which  is  leea  than 
0.0(K)0li6,  the  expansion  of  glass. 
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0.0025  corresponds  to  27.8^  Centigrade. 

0.003  "  29. 4**  " 

0.0035  "  81.2°  " 

0.004  "  82.8'  " 

0.0045  "  84.5°  " 

0.005  "  86.1°  " 

0.0055  "  87.6°  " 

0.006  "  88.8°  " 

0.0065  "  40.4°  " 

0.007  "  41.6° 

0.0075  "  42.9°  " 

0.008  "  44.2° 

0.0083  '•  45.° 


Now  if  we  take  a  Centigrtide  thermometer,  ranging 
from  5°  to  45°,  and  on  one  side  of  the  column  we 
mark  the  degrees  of  temperature,  we  may,  on  the  other 
side,  mark  the  places  where  1  c.c.  becomes  1.0005, 
1.001,  0  0015,  1.002,  etc  If  we  haye  made  a  yoln- 
metric  analysis,  and  used  a  certain  volume  of  test  solu- 
tion at  a  known  temperature,  we  will  find,  on  the 
right  of  the  thermometer,  the  number  by  which  we 
must  divide  the  volume  of  test  solution,  to  have  its 
corresponding  volume  at  15°.  If  we  have  used  63  c.c. 
at  a  temperature  of  35°  C,  we  may  note  that  the  ex- 
pansion marked  on  the  scale  on  the  right  of  the  ther- 
mometer which  comes  nearest  to  the  required  expan- 
sion is  1 .  0045,  which  corresponds  to  84^°,  and,  on 
dividing  63  by  1.0045,  we  will  obtain  62.7  cc. 

Instead  of  dividing  by  the  numbers  which  represent 
the  expansions  at  various  temperatures,  we  may,  as 
before,  multiply  by  a  number  representing  unity 
divided  by  these  expansions.  We  may  mark  these 
numbers  on  the  thermometer  as  follows : 


At    9.9°  Centigrade  1.0005. 
15°  "  1. 

18.2°        "  0.9995. 


(4 


««      OA  7K«         «« 


5 


80.75°     "  0.999. 
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At  28.2°  Centigrade  0.9985. 


ti 

26.8* 

It 

0.998. 

« 

27.3' 

t< 

0.9975. 

(( 

29.4° 

t< 

0.997. 

«( 

81.2° 

(1 

0.9965. 

it 

82.8° 

((  ■ 

0.996. 

(( 

34.5° 

t« 

0.9955. 

(i 

36.1° 

«( 

0.995. 

(i 

87.6° 

ti 

0.9945. 

(t 

88.8° 

»( 

0.994. 

ii 

40.4° 

(1 

0.9935. 

ti 

41.6° 

tt 

0.993. 

it 

42.9° 

<« 

0.9925. 

t( 

44.2° 

•t 

0.992. 

In  Fig.  2  I  give  a  thermometer  marked  in  this  wot. 
On  the  left  are  the  degrees  C,  Tvhile  on  the  right  are 
the  numbers  by  which  we  must  multiply  the  reading 
of  the  burette,  to  reduce  them  to  the  corresponding 
volumes  at  15°  0.  If  we  have  used  85  c.c.  of  a  solu- 
tion, and  if  the  temperature  is  32^°  C,  we  will  find 
that  the  nearest  factor  is  0.996,  which  corresponds  to 
32.8.°  If  we  multiply  85  by  0.996,  the  product, 
84.66  c.c,  is  the  correct  reading  at  15°  C. 

To  be  able  to  make  use  of  the  corrections  afforded 
by  the  methods  given  above,  it  is  necessary,  in  the 
first  place,  that  our  test  solutions  should  all  be  titrated 
at  15°.  This  can  be  easily  done  by  using  the  data 
already  given. 

Suppose  we  have  weighed  6.8  grammes  of  pure  dry 
crystallized  oxalic  acid,  and  dissolved  the  whole 
quantity  in  water,  this  quantity  of  oxalic  acid  repre- 
sents 100  c.c.  of  a  titrated  solution  of  oxalic  acid 
containing  63  grammes  to  the  litre.  These  6.3 
grammes  of  acid  are  capable  of  saturating  exactly 
100  cc.  of  titrated  solution  of  potassic  hydrate  con- 
taining 56  grammes  to  the  litre.  If  we  have  a  solution 
of  potassic  hydrate  of  unknown  strength,  and  we  wish 
to  discover  the  volume  of  it  at  15°  which  will  be 


\- 


199 


equivalent  to  100    of    the    solution    containing    56 
grammes  to  the  litre,  we  will  proceed  aa  follows  : 


4t' 


40  — 


M— 


»  — 


SS_ 


«o_I 


IS. 


10  — 


I 99S 

.MS 
.994 
.998 

..994 
-.991 

..996 
..999 


1.0004 


Fia.  3. 


90. 


IS  — 


10 


1. 


_ 1.001 


— .1.009 


—  1 .009ft 


Pig.  8. 


If  we  haye  used  110  c.c.  of  the  potassa  solution  to 
saturate  6.8  grammes  of  oxalic  acid,  and  if  the  tern- 
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peratnre  is  Si""  C,  we  may,  by  consulting  the  tlicr> 
mometer  of  Fig.  1,  find  that  0.9965  is  the  nearest 
factor  on  the  scale,  and  if  we  multiply  110  by  0.0965, 
the  product,  109.65  cc,  will  give  the  volume  at  15^  C. 

Although,  in  accordance  with  nearly  universal  usage, 
I  have  adopted  15"  C.  as  the  normal  temperature,  I 
have  pointed  out  that  25*  is  nearer  the  average  tempera* 
ture  of  our  laboratories.  To  those  wishing  to  adopt  25" , 
or  any  other  temperature,  as  a  standard,  the  table 
marked  No.  2  will  afford  all  the  necessary  data.  If 
they  should  desire  to  take  25"  as  the  normal,  and  still 
wish  to  avoid  the  trouble  of  going  over  all  the  calcu- 
lations, I  would  suggest  that  by  adopting  26.3°  as  a 
noimal,  they  can  easily  obtain  the  desired  corrections 
by  subtracting  0.002,  which  is  the  expansion  corre- 
sponding to  25.3",  from  those  already  given. 

The  expansions  of  1  &c.  will  then  become : 


-0.0025 

at 

9.9"    C 

entig 

-0.002 

t( 

15" 

(C 

-0.0015 

(t 

18.2" 

«( 

-0.001 

i( 

20.75" 

t( 

-0.0005 

(( 

23.2" 

»l 

0. 

(t 

25.3" 

it 

0.0005 

i« 

27.3" 

ii 

0.001 

»i 

29.4" 

ii 

0.0015 

it 

31.2" 

ii 

0.002 

u 

82.8" 

(i 

0.0025 

u 

34.5" 

ii 

0.003 

It 

36.1* 

ii 

0.0035 

ii 

37.6" 

ik 

0.004 

it 

38.8" 

u 

0.0045 

(t 

40.4" 

u 

0.004 

«i 

41.6" 

« 

0.0055 

tl 

42.9*^ 

ii 

0.006 

(i 

44.2" 

it 

0.0063 

tl 

46" 

it 

From  these  numbera,  by  proceeding  in  the  same  man- 
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ner  as  before,  we  may  obtain  a  thermometric  scale  in 
which  25.8*'  is  the  normal,  and  the  factors  on  the  right 
of  the  tube  are  arranged  as  in  Fig.  8. 


XL. — Analysis  of  Fotablb  Watebs. 

BY  H.    B.    CORNWALL,  E.]f. 

•(Resd,  Dec.  7th,  1878.) 

In  an  article  "  On  some  Points  in  the  Analysis  o^ 
Potable  Waters,"  in  the  Journal  of  the  CJiemieal  So- 
ciety, London,  June,  1876,  Dr.  Frankland  declares,  in 
reference  to  the  method  of  Wanklyn  and  Chapman, 
commonly  known  as  the  Ammonia  Process,  that "  any 
opinion  based  upon  the  proportion  of  albuminoid- am- 
monia obtainable  from  a  sample  of  potable  water  must 
almost  necessarily  be  erroneous ; "  and  that  '*  it  would 
be  preferable  to  depend  upon  chlorides  and  nitrates 
alone,  rather  than  upon  a  method  of  estimation,  the  re- 
sults of  which  do  not  admit  of  interpretation."  He 
states  also  that  numerous  experiments,  by  himself  and 
others,  haye  led  him  to  conclude  that  the  process  af- 
fords no  evidence  whatever  of  the  absolute  quantity 
of  organic  matter  or  of  organic  nitrogen  present  in 
potable  water ;  that  it  does  not  indicate  even  approxi- 
mately the  relative  quantities  either  of  organic  matters 
or  of  organic  nitrogen  in  different  samples  of  such 
water ;  and  that  it  affords  no  indication  of  the  pres- 
ence or  proportion  of  albuminoid-ammonia,  as  dis- 
tinguished from  other  nitrogenous  organic  compounds. 
In  proof  of  these  assertions,  ho  cites  numerous  careful 
experiments,  some  of  them  by  Wanklyn  and  Chap- 
man, on  various  nitrogenous  organic  substances,  on 
artificial  peaty  waters,  and  on  natural  waters.  Finally, 
he  asserts  "  that  it  is  therefore  entirely  useless  in  the 
examination  of  waters  for  sanitary  purposes." 

He  then  claims  for  the  method  of  Frankland  and 
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Armstrong,  the  CombuHicn  Proeeu^  that  it  alone  dis- 
closes the  proportion  of  nitrogen  to  carbon  in  the  or- 
ganic matter  of  waters,  which  information  is  often  of 
prime  importance  in  reference  to  the  origin  of  the  or- 
ganic matter ;  that  it  is  the  only  method  which  affords 
any  trustworthy  information  respecting  the  organic 
matters  present  in  potable  waters ;  and  that,  with  cer- 
tain modifications  described  in  his  article,  the  process 
can  be  conducted  in  any  laboratory  with  a  moderate 
expenditure  of  time  and  labor. 

I  do  not  propose  to  question  any  of  the  foregoing 
conclusions,  except  that  which  condemns  the  ammonia 
process  as  utterly  useless  for  determining  the  charac- 
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ter  of  potable  waters,  but  I  desire  to  show  from  my 
own  experience  in  the  analysis  of  well  waters  that  the 
process,  supplemented  by  the  chlorine  determination, 
furnishes  yery  reliable  indications  of  their  sanitary 
qualities.  In  my  analyses  I  haye  been  guided  by  the 
general  rules  laid  down  in  Water  Analysis,  by  Wank- 
lyn  and  Chapman;  Third  Edition.  London,  1874. 
"  When  the  free  ammonia  exceeds  0.08  parts  per  mil- 
lion it  almost  inyariably  proceeds  from  the  fermenta- 
tion of  urea  into  carbonate  of  ammonia,  and  is  a  sign 
that  the  water  in  question  consists  of  diluted  urine  in 
a  yery  recent  condition.  In  these  instances  the  water 
will  likewise  be  found  to  be  loaded  with  chlorides. 
Much  albuminoid-ammonia  (which  generally  comes 
oyer  slowly),  little  free  ammonia,  and  almost  entire 
absence  of  chlorides,  is  indicative  of  vegetable  con- 
tamination.*' ^^  If  the  albuminoid-ammonia  amount 
to  less  than  0.05  parts  per  million,  the  water  belongs 
to  the  class  of  yery  pure  water.  When  the  albuminoid- 
ammonia  amounts  to  .05,  then  the  proportion  of  free 
ammonia  becomes  an  element  in  the  calculation.*' 
*'  Free  ammonia,  however,  being  al^ent,  or  very  small, 
a  water  should  not  be  condemned  unless  the  albumi- 
noid-ammonia reaches  something  like  0.10  per  million. 
Albuminoid-ammonia  above  0.10  per  million  begins  to 
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be  a  yery  suspicious  sign;  and  over  0.15  ought  to 
condemn  a  water  absolutely.  The  absence  of  chlorine, 
or  the  absence  of  more  than  one  grain  of  chlorine  per 
gallon,  is  a  sign  that  the  organic  impurity  is  of 
vegetable  rather  than  of  animal  origin.'* 

In  the  analyses  given  below,  the  free  and  albuminoid- 
ammonia  have  been  determined,  and  also  the  chlorine, 
an  excess  of  the  latter  being  regarded  as  one  indica- 
tion of  the  presence  of  sewage.  Dr.  Frankland  him- 
self states  that  '^nearly  the  whole  of  the  animal  matter 
which  gains  access  to  drinking  water  consists  of  sewage^ 
that  is,  solid  and  liquid  excrements.**  He  also  says  that 
'Hhe  decay  of  vegetation  late  in  the  autumn  must 
obviously  produce  a  decided  deterioration  in  the  qual- 
ity of  river  waters."  There  can  be  no  doubt  that  tlie 
ammonia  process  would  show  the  effects  either  of 
animal  excrementitious  matter,  or  of  such  decaying 
vegetation  on  the  quality  of  water,  and  just  as  cer- 
tainly would  it  show  the  presence  of  dead  animal 
matter.  Tlie  following  analyses  are  presented  to  siiow 
how  well  the  results  of  the  ammonia  process  have 
agreed  with  what  might  have  been  expected  from  the 
conditions  of  each  case. 

The  chlorine  in  several  wells  which  are  very  favor- 
ably situated  and  have  given  no  grounds  for  suspicion, 
either  by  actual  use  or  by  analysis,  was  found  to  vary 
from  1.6  to  2.3  grains  per  gallon,  and  these  limits  were 
therefore  assumed  for  the  amount  of  chlorine  normal 
to  the  soil  of  this  town.  When  the  water  of  a  well  in 
constant  use  by  intelligent  persons  has  given  more  or 
less  frequent  occasion  for  suspicion,  by  its  taste  or 
odor,  it  has  doubtless  at  such  times  been  contaminated 
in  some  way.  Although  wells  which  analysis  shows 
to  be  impure  have  frequently  escaped  suspicion,  yet  I 
have  not  met  with  a  case  where  a  well  not  condemned 
by  the  ammonia  process  had  been  at  that  time  sus~ 
pected  by  those  using  it. 

The  following  table  shows  the  results  of  all  of  the 
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analyses  which  I  haye  made  of  well  waters  in  this 
town.  Several  were  selected  in  order  to  study  the 
subject ;  the  others  were  brought  for  analysis  by  the 
owners.  Unless  otherwise  stated,  they  were  made 
under  ordinary  circumstances  as  regards  weather.  The 
free  and  albuminoid-ammonia  are  given  in  parts  per 
million,  the  chlorine  in  grains  per  gallon. 


Analyses. 


Number. 

Month. 

Frae 
Ammonia. 

Albuminoid 
Ammonia. 

Chlorine. 

1 

Mar. 

.016 

.036 

a. 

2 

(• 

.048 

.05 

2.3 

8 

Dea 

.064 

.07 

1.67 

4 

Oct. 

.06 

.088 

1.6 

5 

Mar. 

.045 

.064 

2.7 

6 

it 

.04 

.07 

2.9 

7 

Oct 

.066 

.08 

2.5 

8 

Feb. 

.054 

.098 

2.7 

9 

Ik 

.C4 

.14 

8.6 

10 

May. 

.04 

.126 

5. 

11 

Oot 

.09 

.16 

1.6 

12 

Deo. 

.045 

.19 

1.77 

13 

Nov. 

.066 

.434 

5.05 

14 

Mar. 

2.56 

.22 

7.4 

15 

t( 

1.86 

.28 

8.5 

16 

Nov. 

.046 

.055 

7.8 

17 

Mar. 

.21 

.28 

1.9 

18 

Oot. 

.127 

.18 

2. 

Nos.  1  and  2  are  very  good  wells,  most  favorably 
situated,  and  were  selected  as  such.  Nos.  3  and  4 
have  also  not  been  suspected.  The  owner  of  No.  3, 
however,  has  another  well,  No.  12,  which  had  been 
condemned  some  years  ago  by  Dr.  Henry  Wurtz,  and 
he  desired  now  to  have  both  wells  examined.  No.  8 
is  admirably  situated,  but  No.  12  is  near  a  stable,  not 
now  in  use,  but  surrounded  by  old  manure-heaps. 
These  have  been  long  exposed  to  the  rain,  and  there- 
fore the  ammonia  and  chlorine  is  not  in  excess,  but 
they  constantly  furnish  decaying  vegetable  matter,  as 
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shown  by  the  abundant  albuminoid -ammonia.  When 
these  waters  were  brought  for  analysis,  their  respective 
sources  were  concealed  in  order  that  the  method  might 
be  tested. 

Nos.  5,  6,  and  7  might  haye  been  classed  with  Nos. 
8  and  4,  had  not  the  chlorine  been  rather  large.  All 
three  hare  been  suspected.  No.  6  is  in  ground  over 
which  bed-room  slops  are  constantly  spilled,  and 
lately,  after  a  dry  season,  gaye  8.8  grains  of  chlorine. 
No.  7  is  near  a  surface  drain,  leading  from  a  stable 
and  through  ground  liable  to  be  ooyered  with  slops. 
No.  8  is  near  seyeral  priyy  yaults,  some  in  use,  others 
abandoned.  One  of  the  family  using  it,  a  yery  strong 
man,  had  a  severe  attack  of  typhoid  fever  a  few 
months  before  the  analysis  was  made. 

No.  9  is  not  far  from  the  site  of  an  old  stable,  and 
several  vaults  were  dug  up  in  laying  the  foundation 
for  a  large  building  near  it  The  owner,  himself  an 
M.D.,  says  that  the  well  caused  diarrhcea  almost  in- 
variably when  used  by  strangers.  The  abundant  chlo- 
rine, small  free  ammonia,  and  large  albuminoid-am- 
monia are  just  what  might  be  expected  from  contami- 
nation by  old  vaults.  No.  11  is  a  second  analysis  of 
the  same  water,  taken  from  the  well  after  several 
weeks  of  dry  weather  in  the  spring.  The  albuminoid- 
ammonia  is  smaller,  partly,  perhaps,  because  the  water 
flowed  in  from  the  neighboring  soil,  and  partly  be- 
cause the  smaller  supply  of  organic  matter  was  more 
exposed  to  oxidation ;  at  the  snme  time,  the  very  solu- 
ble chlorides  have  increased  in  proportion,  as  they 
naturally  would  in  water  exposed  to  some  loss  by 
evaporation.  Since  these  analyses  were  made  the  well 
has  been  abandoned. 

No.  12  is  the  well  already  mentioned  in  connection 
with  No.  8.  Its  character  corresponds  closely  with 
that  of  No.  11.  The  water  of  the  latter  had  been  sus- 
pected on  account  of  its  odor.  The  well  became  dry 
during  the  drought  last  summer,  and  was  cleaned  out 
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and  blasted  a  few  feet  deeper  in  the  hard  slaty  rock. 
After  the  moderate  September  rains  water  collected 
in  it,  which  soon  became  bad,  and  it  was  analyzed. 
The  owner  said  the  well  was  on  his  farm  in  the  conn- 
try,  two  hundred  feet  or  more  from  his  bams,  and  not 
near  any  drain.  It  finally  appeared  that  the  well  was 
only  fifteen  feet  deep,  and  was  in  a  cultivated  field.  It 
is  easy  to  see  how  the  chlorine  might  remain  normal, 
while  the  washed-out  manure  and  decaying  vegeta- 
tion furnished  the  large  amount  of  organic  nitro- 
gen. 

No.  13  was  brought  for  analysis  by  the  advice  of  a 
physician.  Typhoid  fever  had  been  brought  to  the 
household  by  a  colored  servant,  who  died  there. 
Another  patient  using  the  well  also  died,  and  two 
others  were  sick  at  the  time  the  water  was  analyzed. 
The  well  was  a  favorite  with  people  in  the  vicinity. 
After  the  well  was  condemned  and  abandoned  the  two 
patients  began  at  once  to  recover.  The  excessive 
chlorine  and  albuminoid-ammonia,  with  the  somewhat 
large  free  ammonia,  point  to  sewage  contamination, 
and  the  well  was  situated  at  a  moderate  distance  from 
a  vault  used  by  all  the  family.  The  well  itself  is  on  a 
lot  more  than  a  mile  from  town,  and  where  no  diffi- 
culty need  have  existed  in  obtaining  good  water.  This 
seems  to  have  been  a  clear  case  of  infection  by  means 
of  well-water. 

No.  14  is  the  only  well  which  was  not  in  use  at  the 
ti  me  of  the  analysis.  The  presence  of  recent  contamina- 
tion from  a  neighboring  vault  is  very  evident.  Tlie  well 
had  been  abandoned  because  it  was  evidently  bad. 
No.  15  is  no  better,  receiving  as  it  does  the  daily  soak- 
age  from  a  vault  near  by.  This  well  was  in  constant 
use,  and  it  is  scarcely  necessary  to  add  that  typhoid  fe- 
ver prevailed  among  the  rather  large  number  of  persons 
using  it.  No.  16  was  a  surprise.  The  high  proportion 
of  chlorine  had  naturally  prepared  me  to  expect  another 
bad  well.    On  investigation  it  appeared  that  the  well 
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was  behind  an  ice-cream  saloon,  and  received  the 
soakage  from  the  waste  brine  of  the  freezers.  Nos. 
17  and  18  are  two  analyses  of  the  same  well,  the  first 
made  in  spring,  the  second  in  the  early  autumn.  The 
well  has  long  been  suspected.  It  is  the  only  one  which 
gave  results  that  seemed  difScult  to  explain.  Evi- 
dently the  well  is  bad,  for  the  analyses  and  actual  use 
agree  in  this,  and  the  analysis  indicates  animal  rather 
than  vegetable  organic  matter,  from  the  large  free 
ammonia.  The  chlorine  is  normal,  and,  in  the  absence 
of  any  known  dilution  by  rain-water,  does  not  indi- 
cate sewage  contamination.  The  well  is  not  far  from 
a  cesspool,  and  may  receive  some  soakage  from  it, 
which  might  be  diluted  by  an  abundant  supply  of 
pure  water,  for  the  well  is  very  deep.  Dead  frogs 
have  been  found  in  it,  and  I  noticed  bones  and 
feathers  on  the  ground  immediately  above  it,  showing 
that  slops  were  thrown  there  from  the  kitchen  door 
near  by. 

My  experience  thus  far  has  led  me  to  believe  that 
the  ammonia  process  and  the  chlorine  determination 
will  enable  any  one,  after  a  little  practice,  to  form  a 
correct  judgment,  not  only  of  the  character,  but  also 
of  the  source  of  any  ordinary  water.  As  regards  the 
fact  stated  by  Dr.  Frankland,  that  peaty  water  gives 
an  *'  abundance  of  so-called  albuminoid-ammonia,  al- 
though the  existence  of  proteine  compounds — so  prone 
to  change — ^in  a  material  which  has  been  exposed  to 
air  and  moisture  for  thousands  of  years,  is  clearly  an 
untenable  assumption,"  it  may  be  said  that  it  is  very 
easy  to  ascertain  whether  such  albuminoid-ammonia 
really  comes  from  peat.  Those  who  think  that  such 
peaty  water  is  not  unwholesome  can  form  their  opin- 
ions accordingly. 
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XLI. — Pbocbedinos. 
Begular  Meeting,  Fdf.  1,  1877. 

The  meeting  was  called  to  order  at  8.15  p.h.,  Vice- 
President  Morton  in  the  chair.  The  minutes  of  the 
last  meeting  were  read  and  approTed. 

Dr.  Endemann,  on  the  part  of  the  Committee  on 
Papers  and  Publications,  stated  that  for  the  present 
Mr.  Stanton  had  withdrawn  his  paper  on  "A  New 
Combination  of  Hydrogen.^' 

The  Chairman  submitted  the  following  report  from 
the  Council :  That  Art.  8  of  the  bj-laws  be  repealed, 
and  the  following  adopted  in  its  stead :  Art.  8.  All 
bills  against  the  Society  shall  be  approved  by  the 
Council  before  payment. 

That  a  new  article  be  inserted  into  the  by-laws  (to 
be  Art  9)  as  follows:  A  majority  of  the  resident 
members  of  the  Council  shall  constitute  a  quorum. 
The  rote  on  both  these  articles  to  be  taken  at  the 
next  meeting. 

That  a  Committee  be  appointed  by  the  Chair  to 
make  the  necessary  arrangements  for  the  monthly  am- 
vergazione.  Adopted.  The  Chair  appointed  as  such 
committee  Messrs.  C.  Pickhardt,  Striedinger,  and 
Nichols. 

That  the  Committee  on  Permanent  Rooms  be  in- 
structed to  find  rooms  at  an  annual  expenditure  not 
exceeding  $1,000  for  rent,  fuel,  light,  and  attendance. 
Carried. 

That  in  the  discussion  of  papers  read  before  the  So- 
ciety, each  member  shall  be  limited  to  fiye  minutes, 
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unless  an  extension  be  granted  by  special  permission. 
Passed. 

The  Chairman  called  the  attention  of  the  Society  to 
the  matter  of  arranging  and  stereotyping  the  proceed- 
ings, and  paying  the  publishers  of  the  Ahebican  Chkx- 
1ST  for  the  cuts  that  may  be  required,  action  on  which 
was  deferred. 

The  first  paper  of  the  evening  was  read :  "  An  Ap- 
paratus for  obtaining  Distilled  Water  from  the  Service 
Steam,''  by  Prof.  C.  E.  Munroe.  Dr.  Chandler  said 
that  in  the  School  of  Mines  the  same  end  is  accom- 
plished by  the  use  of  an  ordinary  steam  trap,  from 
which  a  block-tin  pipe  conducts  the  steam  into  the 
drying-chambers. 

The  second  paper  was  read :  '*  On  the  Estimation  of 
Manganese  as  Pyrophosphate,"  by  the  same  gentleman. 
Dr.  A.  Belir  read  the  third  paper :  "On  Aconitic  Acid 
in  Raw  Sugars.''  Drs.  Mott  and  Doremus  being  ona- 
Yoidably  absent,  the  reading  of  their  respective  papers 
on  testing  milk  for  adulterations  and  contributions  to 
the  literature  of  milk  analysis,  as  well  as  that  of  Dr. 
Chandler  on  the  use  of  the  lactometer  in  milk  testing, 
was  postponed  until  the  next  meeting. 

The  following  gentlemen  were  elected  membera: 
A.  J.  Coming,  Baltimore,  Md.,  J.  D.  Hague,  San  Fran- 
cisco, Cal.,  A.  Means,  Oxford,  Ga.,  John  Thalberg, 
Jersey  City,  N.  J. 

The  following  were  proposed :  As  members :  S.  T. 
Douglas,  Ann  Arbor,  Mich.,  W.  E.  Geyer,  Hoboken, 
N.  J.,  R.  H.  Hindley,  Racine,  Wis.,  Dr.  J.  T.  O'Con- 
nor, N.  Y.,  G.  A.  Prochazka,  N.  Y.,  Dr.  E.  R  Squibb, 
Brooklyn,  N.  Y.  As  associates :  E.  M.  Kalbfleisch,  N. 
Y.,  C.  Lennig,  Philadelphia. 

Adjourned. 

M.  Alsbbbg,  Bee  8ec,  pro  Um. 
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XLII. — Description  of  an  Apparatus  for  obtaih- 

INO  DiSTILLBD  WaTBR  FROM  THE  SbRYICE  StSAX. 

BT    PROF.    CHA6.   B.   MUNROE. 

(Read  Feb.,  1877.) 

With  the  introduction  of  steam  for  the  purpose  of 
warming  laboratories,  many  plans  haye  been  devised 
for  making  it  useful  for  experimental  purposes.  Among 
other  uses  to  which  it  has  been  put  is  the  warming 
of  sand-baths  and  the  production  of  distilled  water. 
As,  however,  the  steam  usually  traverses  some  distance 
through  iron  pipes,  it  l>eoome8  necessary  to  remove  from 
it  such  impurities  as  it  may  have  taken  up.  To  effect 
this,  filters  of  various  sorts  have  been  employed,  as 
at  Harvard  University  and  elsewhere.  Having  at  the 
Academy  an  admirable  system  for  heating  the  build- 
ings, and  even  the  ships,  from  centrally  located  boiler- 
houses,  we  naturally  sought  to  utilize  it  as  much  as 
possible,  and  I  arranged  a  filtering  apparatus  for  the 
laboratory.  This  is  so  arranged  that  while  we  use  the 
waste  steam  from  the  service-pipes  in  winter,  we  may 
also  use  the  old  still  in  summer.  I  take  the  liberty  of 
describing  it,  hoping  it  may  be  of  use  to  others  who 
intend  to  introduce  steam. 

The  apparatus  is  placed  at  one  end  of  the  sand- 
bath,  which  is  the  ordinary  iron  frame  affair  placed  on 
a  brick  support  which  encloses  the  fireplace.  To  the 
left  of  the  grate  and  beneath  the  sand-bath  is  the 
usual  square  copper  boiler,  containing  drying-closets, 
used  for  generating  steam  when  a  fire  is  employed 
for  heating  the  sand-bath.  To  form  the  floor  of  the 
sand-bath  an  iron  sink  has  been  used.  When  tho 
steam  was  introduced  it  was  brought  through  one 
end  of  this  sink,  a  coil  of  pipe  being  placed  on  the 
inside  of  the  sink,  and  the  sand  upon  the  top  of  this. 
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The  steam  was  then  led  off  through  the  other  end  of 
the  rink  to  the  apparatus  to  be  described. 

This  apparatus  consists  of  a  filter,  A,  Fig.  1,  for 
cleansing  the  steam;  an  air-condenser,  with  drying*- 


cloeet,  D,  by  which  hot  distilled  water  is  obtained ; 
and  a  worm  condenser,  C,  for  cold  distilled  water. 
A  is  a  copper  cylinder  tinned  inside,  three  feet  high 
and  one  foot  in  diameter.  Inside  are  placed  four 
planished  copper  trays,  I,  Figs.  2  and  8,  perforated 
with  one-half  inch  holes.  These  trays  are  four  inches 
deep,  and  haye  such  a  diameter  that  they  wiU  just 
slide  into  the  cylinder,  and  they  are  furnished  with 
three  legs  by  which  they  rest  upon  each  other.  The 
top  of  the  upper  tray  comes  within  three  inches  of 
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the  top  of  the  cylinder.  These  trays  are  filled  with 
thoroughly  washed  pamicc-stone,  coarse  lamps  being 
placed  on  the  bottom  of  each  tray  and  then  filled 
np  with  pieces  aboat  one^qnarter  inch  in  diameter. 
The  head  of  the  cylinder,  O,  can  be 
removed  at  will  to  admit  of  changing 
the  pumice,  shotdd  it  become  foul. 
The  service  steam  enters  at  H,  Fig.  2. 
This  is  a  spud  with  one-half  inch 
union  placed  one  and  one-quarter 
inches  from  the  bottom  of  the  cylin- 
der. The  exit  is  by  the  pipe  D,  Fig. 
1,  which  is  of  block  tin  one  inch  in  ' 
diameter,  and  from  the  head  of  the 
cylinder  to  a  is  one  foot  nine  inches 
long.  In  passing  through  the  cylinder  f 
the  steam  strikes  against  the  pumice, 
some  of  it  is  condensed,  and  in  fall- 
ing washes  the  steam  which  passes 
through.  At  the  bottom  of  the  cylin- 
der is  a  pipe,  G,  Figs.  1  and  2,  pro- 
vided with  a  stopcock,  which  is  used 
to  carry  the  condensed  water  to  the 
sewer.  At  F,  Fig.  1,  is  a  one-inch 
union  to  which  is  attached  the  pipe 
from  the  old  copper  boiler,  which  is 
used  when  tlie  service  steam  is  cut  off.  This  union  is 
nine  inches  from  the  cylinder-head,  so  that  the  steam 
passes  through  but  one  of  the  trays,  which  is  sufficient, 
as  the  steam  comes  through  a  block  tin  pipe.  As  our 
apparatus  is  situated  it  is  found  most  convenient  to 
have  F  rgund  one-quarter  on  the  left  of  the  cylinder, 
and  H  at  the  back. 

From  the  purifier  the  steam  passes  to  the  jacket 
cylinder  B,  Figs.  1,  4,  and  5.  This  cylinder  is  made 
from  copper,  and  is  not  only  tinned  upon  the  surface 
enclosing  the  annular  space,  but  also  upon  the  inside 
of  the  drying- closet  and  both  sides  of  the  perforate! 
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shelf.  The  length  of  the  cylinder  from  «  to  0,  Fig.  4, 
is  fifteen  inches.  The  diameter  of  the  outside  cjlin- 
der  from /to/,  Fig.  5,  is  thirteen  inches,  and  of  the 
inside  from  gto  g.  Fig.  5,  is  twelve  inches.  The  cylin- 
der extends  quite  to  the  back  of  the  condenser,  and 
the  space  on  the  front  from /to  g  is  also  dosed.     At 


M,  Fig.  5,  is  a  shoulder  upon  which  rests  a  plate  of 
tinned  copper  perforated  with  one-half  inch  holes. 
The  holes  serve  to  hold  funnels,  etc.,  when  drying. 
The  closet  is  closed  by  a  door,  as  shown  in  Fig.  1. 
At  D  and  E,  Fig.  4,  are  shown  the  unions  of  pipes  D 
and  E.  They  are  joined  to  the  condenser  nine  inches 
from  the  back.  At  L  is  the  stopcock  for  drawing 
hot  distilled  water.  The  whole  rests  upon  the  shelf 
N,  attached  to  the  wall.  The  pipe  £,  Fig.  1,  which 
conducts  the  steam  to  the  worm,  is  made  from  block 
tin,  one  inch  in  diameter,  and  is  two  inches  long  from 
the  top  of  the  cylinder  to  &,  one  foot  three  and  one- 
half  inches  from  b  to  e,  and  two  feet  six  inches  from 
etod.  It  must  be  well  braced  up,  as  when  heated  it 
twists  read  ily.  The  worm  condenser  is  of  the  usual  form. 
When  working  at  the  ordinary  steam  pressure  the 
yield  of  water  is  about  one  hundred  gallons  per  day. 
By  analysis  the  distilled  water  was  found  to  contain 
seren  parts  of  i^idue  in  1,000,000,  of  which  five  parts 
were  volatilized  on  heating  to  redness.  When  the  old 
copper  still  and  block  tin  worm  were  employed,  the 
water  contained  fourteen  parts  of  residue  in  1,000,000, 
of  which  ten  parts  were  volatilized.  The  Annapolis 
water  used  for  feeding  the  boiler  contains  on  an  aver- 
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age  seventy  parts  in  1,000,000,  of  which  about  forty- 
five  are  volatile. 

U.  S.  Natal  Acaobxt,  Daoember,  1878. 


XLIIL — ^Thb  Estimation  of  MAKaAKBSB  as  Ptbo- 

PHOSFHATB. 

.    BT  FBOV.  CHAS.  B.  MUITBOB. 

(Read  Feb.  1, 1877.) 

The  estimation  of  magnesium  as  pyrophosphate 
had  already  found  favor  in  the  eyes  of  chemists  when 
Gibbs  proposed  [Am.  Jour.  (IL),  44,  p.  216J  the  use 
of  hydrodisodic  phosphate  in  the  estimation  of  man- 
ganese. Fresenius  has  criticised  this  method  [Zeit- 
mihrtft  fur  Analy,  OhemU,  XL,  '72,  p.  415] ;  and 
hence,  having  had  some  experience  with  it,  I  beg 
leave  to  present  my  results  for  consideration. 

The  manganous  sulphate  employed  in  the  experi- 
ments was  a  very  pure  salt  obtained  by  separation 
from  a  hot  alcoholic  solution,  which  yielded  it  in  the 
form  of  a  highly  granular  powder,  which  was  dried 
by  exposure  to  the  air.  As  cobalt  is  quite  difficult  of 
removal  from  salts  of  manganese,  the  salt  was  espe- 
cially tested  for  this  elementary  substance  without  a^ 
trace  being  detected.  The  composition  was  deter- 
mined by  igniting  and  weighing  as  MuaOi  (Mn=55). 


1 
2 


Wt  taken. 


.8495 

.9864 


wt.  M111O4  fd. 


.8828 
.4410 


For  cent.  Mn. 


82.43 
82.22 


These  results  are  probably  as  good  as  the  method 
will  admit  of,  and  they  show  the  salt  to  be  MnSOi, 
HaO=82.54  per  cent.  Mn. 

In  testing  the  accuracy  of  Gibbs's  method,  the  anal- 
yses were  performed  as  follows :  A  weighed  quantity 
of  manganous  sulphate  was  placed  in  a  platinum 
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evaporating  dish,  and  dissolved  in  boiling  water; 
hydrodisodic  phosphate  was  then  added  in  excess, 
and  the  whole  was  allowed  to  stand  on  the  water- 
bath,  at  the  boiling  point,  for  about  five  minutes. 
The  precipitate  was  now  dissolved  in  the  least  possible 
quantity  of  dilute  HCl,  and  when  solution  was  effected 
dilute  (NHi)  HO  was  added  to  complete  precipita- 
tion, care  being  taken  to  avoid  any  marked  excess. 
After  boiling  vigorously  for  from  ten  to  fifteen  min- 
utes, the  precipitate  was  again  dissolved  and  repre- 
cipitated  as  before,  using  the  same  precautions.  This 
was  boiled  for  ten  minutes,  and  then  allowed  to  stand 
for  an  hour,  or  longer,  at  the  boiling  point.  The  pre- 
cipitate obtained  in  this  way  was  perfectly  white,  and 
only  acquired  a  slight  pink  ting^  after  exposure  on 
the  filter.  If,  however,  a  decided  excess  of  (NH«) 
HO  was  used,  the  precipitate  became  colored ;  and  if 
a  considerable  excess  was  present,  the  precipitate  was 
brown.  Using  the  precautions  mentioned,  a  highly 
crystalline  precipitate  was  obtained,  which  washed 
with  the  greatest  ease,  Bunsen^s  method  being  em- 
ployed. 
In  this  manner  the  following  results  were  obtained : 


Wt.  taken. 

wt.  fd. 

wt.  req. 

Per  ct  fd. 

Theosy. 

Mn.B04,  U,0 

MnaP,OT 

Mxi^P.Qt 

ICn. 

8 

1.0741 

.9007 

.9025 

82.48 

82.54 

4 

2.8499 

2.4088 

2.3945 

32.74 

5 

1.3568 

1.1850 

1.1400 

32.41 

6 

1.0887 

.9137 

.9106 

82.65 

7 

.7399 

.6180 

.6217 

32.86 

8 

.5517 

.4596 

.4635 

82.27 

9 

.2317 

.1955 

.1947 

82.68 

10 

.8269 

.2740 

.2746 

82.47 

Mean  per  ct 

82.51 

The  filtrate  in  every  case  contained  a  trace  of  man- 
ganese. 
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I  have  alluded  to  the  injarioos  effects  of  a  large 
ezoees  of  (NH4)  HO,  and  I  present  some  results 
which  illnstrate  this.  All  the  other  conditions  were 
as  in  the  above  mentioned  experiments. 


Wt.  taken. 

1 

'Wtfd. 

Wt,req. 
lIn,P,Oy 

Per  eent  fd. 

Theory. 

Mn804,H,0 

Mn,P,0, 

Mn. 

11 

1.4611 

1.1654 

1.2276 

80.89 

82.64 

12 

1.0008 

.8253 

.8405 

81.96 

18 

1.2681 

1.0404 

1.0610 

81.90 

14 

.8048 

.2461 

.2557 

81.32 

15 

.9878 

.8477 

.8800 

29.11 

In  each  case  the  filtrate  contained  an  appreciable 
quantity  of  manganese.  As  before  stated,  the  precip- 
itate began  to  grow  dark  eren  when  in  the  dish,  and 
upon  the  filter  it  was  very  much  discolored.  In  order 
to  examine  further  the  action  of  (NH4)  HO,  I  placed 
a  carefully  prepared  and  thoroughly  washed  precipi- 
tate in  a  platinum  dish  and  boiled  it  with  strong 
(NH4)  HO.  It  became  almost  black,  lost  its  pearly 
lustre  and  talcose  scaly  structure,  aiid  was  reduced  to 
a  mealy  powder.  On  ignition,  the  residue  became 
white  and  mealy. 

As  the  test  of  a  practical  method  of  analysis  is  not 
alone  the  results  which  it  gives  in  the  hands  of  skilful 
and  experienced  analysts  who  devote  themselves  to  an 
examination  of  its  merits,  but  those  also  which  it 
yields  in  general  practice,  I  offer  some  results  that 
were  furnished  me  by  my  friend.  Prof.  Cbas.  Hallet 
Wing.  They  were  obtained  by  the  students  of  the 
Massachusetts  Institute  of  Technology  in  separating 
iron  and  manganese.  The  method  pursued  was,  after 
nearly  neutralizing  the  acid  solution  with  sodic  car- 
bonate, to  precipitate  the  iron  as  basic  acetate,  filter 
and  wash  with  water  containing  NaCl.  The  filtrate 
was  evaporated  to  a  small  bulk,  and  a  large  excess  of 
NasHPOi  added.    Then  the  precipitate  was  dissolved 
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in  HCl  and  ^precipitated  with  NH«HO.  The  whole 
was  l>oiled  until  the  precipitate  had  changed  to  pink- 
ish scales,  then  it  was  filtered  and  ignited  orer  the 
blast  lamp,  and  weighed  as  MnsPsOv. 

A  solution  containing  .1787  grms.  of  iron  and  .0517 
gnns.  of  manganese  in  50  cc.  yielded 


Fe. 

Mn. 

F^ 

Xn. 

.1802 
.1807 
.1780 
a  1795 

.0498 
.0506 
.0522 
.0500 

.1779 
.1784 
.1799 
.1799 

.0508 
.0506 
.0524 
.0495 

The  results  from  the  analyses  of  seyeral  other  soln- 
tions  were  gircn,  but  there  is  no  need  of  multiplying 
these  examples. 

Fresenius  has  pointed  out  (loc.  cit)  and  my  experi- 
ments confirm  the  statement  that  the  NHiMnPO*  is 
less  soluble  in  cold  than  in  boiling  water,  and  that  it 
is  appreciably  soluble  in  water  containing  NH«CL 
Some  time  ago  [Am.  Jour.,  VoL  V.,  Feb.,  1873],  Dr. 
Gibbs  suggested  microcosmic  salt  as  a  precipitant,  and 
it  will  be  seen  that  by  the  use  of  this  salt  we  avoid  the 
difficulties  above  mentioned,  and  also  the  necessity  of 
employing  considerable  quantities  of  NH4HO,  wliich 
has  been  shown  to  endanger  the  result  It  is  suffi- 
cient to  add  the  solution  of  microcosmic  salt  in  ex- 
cess to  that  of  the  manganous  sulphate  ;  boil  vigor- 
ously for  from  ten  to  fifteen  minutes ;  just  neutralize 
the  slightly  acid  liquid  with  dilute  NH4HO ;  allow  to 
cool ;  filter  and  wash  with  cold  water.  These  results 
illustrate  the  accuracy  of  the  method. 


16 
17 


Wt.  taken 
Mn804,  H,0 

Wtfd. 
Kn,P,Oy 

wt.  req. 
MdjP.Ot 

Per  cent,  f  d. 
Mn. 

.4209 
.3512 

.3540 
.2955 

.8587 
.2951 

82.58 

82.59 

Theoiy. 


82.54 
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A  aolation  was  made  which  contained  .9908  gnna. 
MnSO«,  HsO  in  100  c.c.=  .3d24  grms.  Mn.    This  gave 


Takvn  = 
inaa 

Wt.  ingnni. 
Mn.  SO4, 

.2477 

wt.  fd. 
Mi4P,0, 

wt.  fd.  in 
160  0.0. 
Mn. 

Per  oent 

fd. 

Mn. 

Theory. 

18 

25 

.2085 

.8281 

82.61 

32.54 

19 

25 

.2477 

.2078 

.8221 

32.50 

ao 

25 

.2477 

.2085 

.8231 

32.61 

21 

25 

.2477 

.2083 

.8228 

32.58 

22 

25 

.2477 

.2090 

.8238 

82.72 

23 

80 

.2972 

.2496 

.3223 

82.53 

■t 

24 

80 

.2972 

.2492 

.3218 

32.48 

25 

10 

.0990 

.0827 

.3203 

82.36 

< 

26 

80 

.2972 

.2502 

.3229 

32.60 

27 

10 
i 

.0990 

.0829 
Mean  ] 

.8211 
3er  cent. 

32.44 

32.54 

There  was  but  a  trace  of  Mn  in  the  filtrate.  The 
precipitate  was  highly  crystalline  and  perfectly  white, 
only  acquiring  the  faintest  i>08sible  tinge  while  drying 
on  the  filter.  I  am  disposed  to  think  that  this  color 
is  due  to  a  trace  of  a  higher  oxide  of  manganese. 
The  precipitation  was  made  in  glass  evaporating 
dishes  without  the  least  difiSculty,  and  it  can  also  be 
effected  in  beakers,  if  they  are  embedded  in  the  sand- 
bath  above  the  level  of  the  liquid. 

It  has  occasionally  happened  in  my  experience  with 
students,  when  they  have  neglected  to  separate  the 
filter  paper  before  igniting  the  precipitate,  that  a  hole 
was  made  in  the  platinum  crucible  used  for  the  igni- 
tion, due  probably  to  the  action  of  reduced  phos- 
phorus. I  have  repeated  the  experiment  several  times 
on  foil,  and  I  think  this  action  cannot  occur  if  the 
precipitate  has  been  thoroughly  washed. 

In  all  the  analyses  the  color  of  the  MnaPiOf  ob- 
tained was  gray.  Fearing  that  this  might  l>e  due  to 
particles  of  carbon  disseminated  through  the  mass  or 
to  other  impurities,  I  prepared  some  pure  NHiMnPO* 


sso 


and  caref nlly  leparated  it  from  the  filter  before  diy- 
ing.  When  ignited,  this  poeseesed  the  same  gray 
color.  On  treating  with  HCl  it  dissolved  com* 
pletely,  and  hence  I  am  led  to  believe  that  it  is  the 
characteristic  color  of  MntPsOi. 

My  conclusions  from  these  analyses  are,  that  Oibba' 
method,  especiaUy  with  HNH4,  NaPOi,  furaishes  a 
simple  and  rapid  means  for  the  estimation  of  mangm- 
nese,  and  that  the  results  are  eufficiently  accurate  ex- 
cept for  determinations  where  extreme  precision  ia 
required. 

U.  8.  NATiX.  AoADiirr,  Deoember,  187<L 


XLIV. — Ok  thb  Oocurrbncb  of  Acoinnc  Acid  m 
Came  Juicb  and  Raw  Sugar. 

bt  arno  behr,  fh.d. 

(Read  Feb.  1,  ISTT.) 

The  composition  of  a  raw  sugar  is  generally  given 
according  to  the  following  schedule : 

Cane  sugar 90.40  per  cent 

Fruit  sugar 3.97       " 

Water 2.90       " 

Ash 1.27       " 

Organic  substances  other  than  i-tAa       u 
sugar  ..*. ) 

The  numbers  given  are  of  a  sugar  of  middling  qual- 
ity. As  we  have  no  way  of  directly  ascertaining  the 
quantity  of  these  *^  organic  substances  *^  they  are  deter- 
mined by  difference,  and  the  final  result  contains  the 
combined  errors  of  the  other  determinations.  Besides 
the  uncertainty  that  is  involved  in  this  determination 
we  hardly  know  anything  about  the  nature  of  these 
substances.  I  am  here  speaking  of  raw  sugar  made 
from  sugar  cane.  It  is  quite  different  with  i)eet-root 
sugar. 
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Through  a  series  of  admirable  inYestigatioDB,  mostlj 
by  Dr.  Scheibler,  the  presence  of  such  well-defined 
substances  as  oxalic,  malic,  citric,  asparaginic  add,  as- 
paragin,  betain,  arabinic  acid,  and  dextran  has  been  de- 
monstrated in  beet-root  juice.  Concerning  cane  juice, 
I  know  of  only  one  recent  inyestigation,  that  of  leery, 
who  found  in  fresh  cane  juice  three  different  albu- 
minoids, which  partly  act  as  ferments  on  the  sugar 
and  cause  the  juice  to  spoil  quickly. 

In  the  earlier  literature  of  the  subject  I  find  only 
statements  concerning  gummy,  fatty,  coloring,  albu- 
minoid and  similar  undefined  substances  in  cane  juice 
and  molasses,  while  Payen  states  that  acetic,  malic, 
and  oxalic  add  are  also  present. 

In  regard  to  oxalic  acid  I  hare  had  no  difficulty  in 
detecting  it  in  any  raw  sugar,  tried  in  the  following 
way :  About  300  grammes  of  raw  sugar  are  dissolved 
in  a  little  water,  and  to  the  solution  strong  alcohol  is 
added  until  a  flaky  predpitate  is  formed.  This  is 
collected  on  a  filter,  dissolved  in  a  little  dilute  hydro- 
chloric acid,  and  t6  the  clear  filtrate  is  added  acetate 
of  ammonia.  The  oxalate  of  lime  then  separates 
more  or  less  readily  in  its  characteristic  form. 

I  have  prepared  some  oxalic  acid  from  scales  that 
had  been  deposited  on  the  worm  of  a  vacuum  pan,  in 
which  the  commercial  refined  syrup  is  concentrated. 
These  scales  consist  almost  exclusively  of  crystalline 
oxalate  of  lime. 

For  studying  some  of  the  other  constituents  of  the 
raw  sugar  I  found  the  so-called  Melado  to  be  a  proper 
material  This  is  simply  cane  juice  boiled  down  to  a 
certain  concentration,  it  is  then  run  into  hogsheads 
and,  in  cooling,  partly  solidifies  by  the  crystallization 
of  the  sugar.  It  contains  all  the  constituents  of  the  cane 
juice,  with  the  exception  of  those  that  have  been  re- 
moved by  defecation,  or  altered  by  the  boiling  process. 

The  syrup  was  drained  oft  from  the  sugar  in  a  cen- 
trifugal machine,  it  was  then  diluted  with  water, 
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acidulated  with  acetic  acid,  and  precipitated  with 
acetate  of  lead.  The  precipitate  was  well  washed  with 
water  and  decomposed  by  sulphuretted  hydrogen.  The 
filtrate  from  the  sulphide  of  lead  was  boiled  to  get 
rid  of  sulphuretted  hydrogen,  and  one-half  of  it  was 
neutralized  with  ammonia.  After  considerable  oon* 
centration,  while  the  solution  was  losing  ammonia 
and  getting  sour  again,  the  other  half  of  the  acid  was 
added.  At  a  proper  concentration  there  appeared  a 
salt  in  crystalline  crusts.  After  sereral  crystallizations 
from  water  the  salt  was  decomposed  by  dilute  sul- 
phuric acid  and  treated  with  ether.  On  evaporation 
the  ether  left  an  acid  substance  in  the  form  of  clusters 
of  minute  needles.  The  substance,  when  dried  at  100* 
C,  fused  at  172-178°  C,  and  upon  analysis  furnished 
the  following  numbers : 

0.6528  g.  gave  0.2002  g.  HsO,  and  0.9849  g.  CO«, 
equal  to 

H  :     8.41  per  cent 

C   :  41.18 
calculated  for  CaHeO*  : 

H  :    8.45  per  cent 
C  :  41.38 

The  lime-salt  was  prepared  by  neutmlizing  the  add 
with  carbonate  of  lime,  and  was  obtained  by  slow 
evaporation  in  small  but  distinct  crystals.  0.8521  g. 
of  the  air-dried  salt  gave  0.6096  g.  OaSOi,  equal  to 
21.04  per  cent  Ca. 

0.6426  g.,  when  heated  to  280°  C,  lost  0.1161  g. 
H«0,  equal  to  18.07  per  cent  H,0. 

Calculated  for  (CeH,Oe)sCa,  +  6H,0, 

Ca     :  21.05  per  cent. 
H,0  :  18.94      " 

Tlie  silver-salt  was  prepared  by  neutralizing  the 
acid  ammonium  salt  with  ammonia  and  precipitating 
with  nitrate  of  silver.    A  precipitate  was  formed  in 
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lieayy  flakes  like  chloride  of  diver,  \ehich,  however,  in 
drymg  on  the  filter  changed  into  a  crystalline  powder 
of  microscopic  lamellsB.  By  moderately  heating  it  in 
a  crucible,  the  salt  was  decomposed  with  evolution  of 
heat  filliog  the  crucible  with  a  bulky  mass  of  vermi- 
cular fibres  of  silver. 

0.5055  g.,  previously  dried  at  lOO**  C,  left  0.8294  g. 
Ag  equal  to  65.16  per  cent.  Ag,  calculated  for  C«HiOc 
Aga,  Ag  :  65.45  per  cent. 

When  the  silver-salt  was  prepared  from  the  acid 
ammonium  salt,  without  previous  neutralization,  it 
never  turned  crystalline,  and  on  analysis  yielded  too 
little  silver;  for  instance,  64.61,  64.67,  64.74  per  cent. 
Ag  was  found  in  samples  of  different  preparations.  It 
would  seem  as  if  it  then  contained  some  acid  silver-salt. 

The  acid  ammonium  salt,  which  I  mentioned  first, 
was  the  monammonic  aconitate. 

0.8356  g.,  air-dried,  gave  0.8979  g.  PtCl6(NH«)a 
equal  to  9.08  per  cent.  NHi  calculated  for  C«H»Oc. 
NH«,  NHs  :  8.90  per  cent 

Although,  according  to  the  results  of  these  analyses^ 
I  had  no  doubt  that  the  substance  in  question  was 
aconitic  acid,  yet  the  melting  point,  which  I  found  to 
be  172-178°  C,  was  not  in  accordance  with  that  of 
140*"  C,  which  the  hand-books  assign  to  aconitic  add. 
I,  therefore,  prepared  the  add  according  to  well- 
known  methods  from  citric  add,  as  well  as  from  the 
extract  of  aconitum.  The  add  from  citric  acid,  puri- 
fied by  means  of  the  add  ammonium  salt,  melted  at 
168-169°  C.  The  lime-salt  prepared  from  it  contained 
20.90  per  cent  Ga,  and  18.54  per  cent  HsO.  Another 
portion,  purified  by  forming  the  acid  ammonium  and 
lime-salts,  fused  as  high  as  187°  C. 

The  acid  from  aconitum,  purified  by  recrystallisa** 
tion  of  the  acid  ammonium  salt,  fused  at  165°  C. 

This  shows  that  the  melting  point  of  the  acid  has 
been  given  deddedly  too  low  by  previous  investi- 
gators.   Nevertheless,  I  am  not  able  to  state  the  exact 
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temperature  at  which  the  pure  acid  fuses.  And  it  is 
the  more  difficult  as  the  acid  is  decomposed  in  melt- 
ing. 

In  regard  to  the  quantity  in  which  this  add  occurs 
in  the  raw  sugar,  I  will  only  state  that  in  one  experi- 
ment, without  counting  the  loss  by  manipulation  and 
the  portions  of  the  acid  ammonium  salt,  which  re- 
mained in  the  mother-liquor,  I  found  the  melado  to 
contain  0.149  per  cent,  of  the  add. 

After  having  ascertained  the  nature  of  this  acid,  it 
was  easy  to  detect  its  presence  in  difiFerent  sugar  pro- 
ducts. The  sweet  waters  of  charcoal  filters,  used  in 
refining  raw  sugar,  contain  it  in  appredable  quanti^. 
I  found  the  fusing  point  of  the  add  prepared  from 
this  material  to  be  171-173"  C.  ^ 

Some  molasses  sugars  gave  a  peculiarly  opaque  so- 
lution from  which,  on  standing,  a  sandy  sediment  came 
down.  Tills,  under  the  microscope,  appeared  to  be 
composed  of  small,  well-defined  crystals  of  a  rhom- 
boSdral  form,  which  turned  out  to  be  aconitate  of 
lime.  A  large  quantity  of  these  crystals  was  collected 
in  the  bag-filters,  through  which  the  solution  of  tho 
raw  sugar  has  to  pass  before  going  over  the  charcoal 
filters ;  and  I  availed  myself  of  the  opportunity  to 
prepare  a  larger  quantity  of  aconitic  acid,  which  had 
a  fusion  point  of  187-188"  C. 

Although  it  appeared  highly  probable  that  this  add 
was  a  regular  constituent  of  the  cane  juice,  and  was 
produced  by  the  process  of  vegetation,  yet  it  might 
be  objected  that  it  was  formed  in  the  juice  after  it 
left  the  plant  by  some  kind  of  fermentation  or  by  the 
action  of  the  lime,  which  is  used  in  defecation,  on  the 
inverted  sugar.  But  I  have  convinced  myself,  by  di- 
rect experiment,  that  no  add  possessing  the  properties 
of  aconitic  acid  is  formed  by  the  action  of  lime  on 
inverted  sugar.  On  the  other  hand  I  was,  through  the 
kindness  of  Mr.  Matthiessen,  furnished  with  fresh  cane 
juloe  from  Cuba,  which  had  been  preserved  by  addi- 
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tion  of  carbolic  acid.  From  this  I  had  no  difficulty 
in  preparing  aconitic  acid  in  its  characteristic  form  by 
means  of  the  lead  and  acid  ammonium  salt.  By  an 
accident  I  lost  the  best  purified  portion  of  the  acid 
,  before  I  had  analyzed  it.  A  little  of  it,  that  was  left, 
but  was  less  pure,  had  the  fusion  point  167''  C. 

To  me  it  seems  to  be  proved  that  aconitic  acid  is  a 
normal  constituent  of  the  sugar  cane,  and  in  this  con- 
nection it  possesses  some  interest.  As  yet  we  know 
very  little  of  the  relations  that  exist  between  the  or- 
ganic acids  and  sugar,  and  its  condensations  as  gum, 
starch,  and  cellulose  in  the  living  plant  Now  it  is  a 
fact  worthy  of  remark,  that  the  two  plants  which  yield 
the  most  sugar,  the  beet-root  and  the  sugar-cane,  al- 
though very  different  in  other  respects,  also  produce 
two  acids  which  chemically  stand  so  near  together,  as 
citric  and  aconitic  acid,  and  which  contain  in  their 
molecule  the  same  number  of  atoms  of  carbon  that  is 
contained  in  fruit-sugar. 

These  relations  between  the  three  substances  are 
shown  by  the  following  formulae : 

CaHgOT  citric  acid. 

CaHeOa  aconitic  acid. 

CftHiaOa  sugar. 

Vattkixsbbn  L  Wxcihkbs  Sugar  Rxfikimo  Co., 
JsiUKT  GiTz,  Juraary,  1877» 


XLV. — ^Procekdinos. 

Regular  Meeting,  Thursday,  March  let,  1677. 

TniB  meeting  was  called  to  order  at  8:15  p.m.,  Vice- 
President  Morton  in  the  chair.  The  minutes  of  the 
last  meeting  were  read  and  approved.  Dr.  Walz  re- 
quested authority  to  convey  personally  the  congratu- 
lations of  the  American  Chemical  ,  Society  to  the 
2 
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Qennan  Chemical  Society  on  the  occadon  of  the  ede- 
bration  of  its  tenth  anniyersary.  This  was  granted. 
The  question  of  receiving  subscriptions  for  the  pro- 
ceedings of  the  Society  was  referred  to  the  Ck>mnuttee 
on  Papers  and  Publications.  The  advisability  of  ad- 
mitting guests  to  the  eanvenagioni  having  been  dis- 
cussed at  some  length,  the  matter  was  referred  to  the 
CounclL  Amended  Article  8,  and  new  Article  9,  of 
the  By-Liaws,  were  adopted  as  recommended  by  the 
Council  at  the  last  meeting.  The  Committee  on  Per- 
manent Rooms  reported  progress. 

The  following  were  elected : 

A$  members, — S.  T.  Douglass,  Ann  Arbor,  Mich. ; 
Wm.  £.  Geyer,  Hoboken,  N.  J. ;  R.  J.  Hindley,  Racine, 
Wis. ;  Dr.  J.  T.  O'Connor,  N.  Y, ;  G.  A.  Prochazka, 
K  Y. ;  Dr.  E.  R.  Squibb,  Brooklyn,  N.  Y. 

As  associates, — ^E.  M.  Ealbfleisch,  N.  Y. ;  C.  Lennig, 
Philadelphia. 

The  following  were  proposed : 

As  members. — Dr.  C.  O.  Cech,  Berlin,  (Germany; 
Spencer  Borden,  Fall  River,  Mass. 

As  associates, — Dr.  T.  J.  Charlton,  Savannah,  Qsl  ; 
O.  W.  Donner,  Brooklyn,  E.  D.,  N.  Y. ;  J.  A.  Donner, 
Brooklyn,  E.  D.,  N.  Y. ;  Henry  Havemeyer,  N.  Y. ; 
Pred.  Heller,  Newark,  N.  J. ;  Franklyn  A.  Ealbfleisch. 
N.  Y. ;  Albert  M  Ealbfleisch,  K  Y. ;  G.  H.  Nichols, 
N.  Y. ;  A.  L.  Sieghoertner,  Jr.,  Brooklyn,  E.  D.,  N.  Y. ; 
Henry  Merz,  N.  Y. ;  E.  Scliroeder,  Jersey  City,  N.  J. ; 
J.  H.  Stursberg,  Brooklyn,  E.  D.,  N.  Y. 

Dr.  Mott  read  the  first  paper  of  the  evening,  "  Test- 
ing Milk  for  Adulterations,"  giving  numerous  data 
regarding  the  composition  of  milk,  the  accuracy  of 
some  of  which  was,  howeyer,  disputed  by  Dr.  C.  A. 
Doremus,  who  read  the  second  paper,  "  Contributions 
to  the  Literature  of  Milk  Analysis.''  This  paper 
called  forth  a  lively  discussion,  in  the  course  of  which 
Dr.  Waller  stated,  that  the  shaking  of  milk  reduces 
the  specific  gravity  through  the  absorption  of  air. 
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Dr.  DoremtiB  farthermore  said  that  on  mixing  dif- 
ferent samples  of  mUk  yery  carefully,  a  contraction 
takes  place.  After  numerous  remarks  of  a  rather  per- 
sonal nature,  called  forth  by  statements  of  Dr.  Dore- 
mus,  the  third  paper  was  read  by  Dr.  Chandler,  *'  On 
the  Use  of  the  Lactometer  in  Milk  Inspection. *' 

Owing  to  the  lateness  of  the  hour,  the  reading  of 
Mr.  Striedinger's  paper  on  *'  Detonating  Submerged 
Nitro-Glycerine  Compounds  by  Means  of  Concussion^' 
was  postponed  until  the  next  meeting. 

Adjourned. 

M.  Alsbbbg,  Rec.  Sec.  pro  Urn, 


XLVL — COKTBIBUTIONS    TO    THE    LtTSBATURB    OF 

Milk  Analysis. 
btcha8.  a.  imbemub,  fh.d. 

(Bcftd  Uaxtih.  1, 1877.) 

Wb  are  going  over  in  New  York  at  present  much 
the  same  ground  in  the  discussion  of  milk  adulteration 
and  its  detection  that  has  for  many  years  engaged 
some  of  the  most  prominent  chemists  of  Europe,  and 
to  those  familiar  with  the  literature  of  this  most  vital 
subject  this  is  strikingly  apparent 

Some  years  ago  in  Paris,  and  more  recently  in  Lon- 
don, the  milk  supply  received  most  careful  attention, 
and  out  of  the  many  researches  and  investigations  have 
sprung  the  present  systems  of  control. 

In  the  fall  of  1875  apparently  new  light  burst  upon 
the  field,  and  with  g^at  assurance  it  was  proclaimed  : 
"  We  found  that  the  sp.  gr.  of  1029*  is  a  little  lower 
than  any  healthy  unadulterated  milk  produced  in  this 


*  In  «U  QK  gr.  or  hjdrometer  readiagi  the  temperatan  of  60"  V^iB 

to1M  nndentood. 
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part  of  the  country,  and  we  selected  a  sp.  gr.  of  1029 
for  our  standard  of  wholesome,  unadulterated  milk, 
aware  of  the  fact  that  no  healthy  milk  would  be  as 
low  as  that.  The  sp.  gr.  of  genuine  milk  yaries  from 
1020.5  to  about  1084.5  in  this  locality.  We  haveiMMr 
found  any  unadulterated  milk  which  registered  as  low 
as  1029,  consequently  we  considered  ourselves  perfect- 
ly safe  in  making  that  a  standard."  * 

These  statements  were  but  short  lived,  for  now, 
scarcely  a  year  from  their  birth,  they  stand  contradicted 
by  their  author.  From  two  numbers  of  the  City  Beoard 
of  June  and  July,  1876,  we  learn  that  milk  from  cows 
**  apparently  in  good  health,*'  and  well  fed  on  pasture, 
gave  milk  of  a  sp.  gr.  in  twelve  cases  as  low  as  1029. 
We  have  purposely  quoted  the  words  **  apparently  in 
good  health,'*  since  they  were  used  by  the  experts  who 
conducted  these  investigations.  These  experts,  chosen 
from  a  corps  of  assistants,  were  deputed  to  examine 
milk  in  the  neighborhood  of  New  York.  They  were 
especially  instructed  in  the  use  of  the  instruments  by 
means  of  which  the  sp.  gr.  was  to  be  determined,  and 
cautioned  to  ascertain  all  the  facts  they  could  as  re- 
gards the  health,  food,  age,  condition,  etc.,  of  the 
cattle.  These  experts  agreed  that  they  could  not  detect 
anything  abnormal  in  the  cattle,  and  with  the  excep- 
tion, owing  to  a  dry  season,  of  a  few,  all  were  nour- 
ished on  good  pasture,  and  that  out  of  all  the  number 
only  those  giving  milk  helovo  1029  were  considered  in 
ill  health.f  The  cattle  were  then  regarded  normal,  as 
they  naturally  should  be,  since  the  results  of  these  in- 
vestigations were  published  in  corroboration  of  an 
adopted  standard.  We  must  refuse,  however,  to  ac- 
cept them  as  reliable  evidence  in  support  of  the  theory 
that  no  healthy  milk  ever  falls  below  1029 — refuse  to 
accept  them  as  affording  conclusive  evidence  even  in  re- 


*  People  0«.  Kneib.,  P.  85. 

t  J.  T.  O'Connor,  People  M.  Sohrompf. 
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gard  to  the  sp.  gr.  of  normal  milk,  for  these  rea- 
sons: * 

That  the  author  of  the  first  supposed  axiom  regards 
the  tests  as  made  with  'cattle  in  an  abnormal  condition 
of  health,  while  his  subordinates,  the  real  investigators, 
accept  them  as  normal ;  and  for  the  additional  reason 
that  no  less  a  person  than  Prof.  Billiman,  who,  versed 
in  the  foreign  literature  of  this  subject,  and  from  his 
own  researches,  was  so  ably  qualified  to  judge  of  the 
tabulated  results,  when  asked  his  opinion  concerning 
one  of  the  herds,  was  very  positive  in  asserting  that 
from  the  results  shown  in  the  Record  he  considered 
that  the  cattle  were  decidedly  ''  under  abnormal  con- 
ditions of  either  health  or  food."t 

We  find  ourselves,  therefore,  confronted  by  a  dilem- 
ma— either  the  tests  proving  1029.5  (101.5  Lac.)  as  the 
lowest  gravity  are  contradicted  hy  experiments  show- 
ing milk  to  range  in  many  cases  as  low  as  1020  (100.00 
Lac.),  or  we  must  consider  these  last  tests  as  made 
with  abnormal  cattle.  But  these  abnormal  cattle  were 
produced  in  evidence  to  show  that  genuine  milk  from 
healthy  cows  was  always  above  1020,  and  the  cows 
must  therefore  be  regarded  as  normal. 

Thus  we  have,  as  a  result,  one  and  the  same  authority 
bringing  forward  one  and  the  same  herd  as  both  nor- 
mal and  abnormal,  and  standing  contradicted  in  either 
position  he  assumes,  viz.,  if  normal,  by  Prof.  Silliman, 
or  if  abnormal,  by  the  men  who  saw  the  cows,  tested 
their  milk,  and  pronounced  them  healthy  and  well  fed. 

To  ascertain  from  personal  experience,  and  to  verify 
previous  researches,  several  trips  to  one  of  the  milk- 
producing  districts  of  this  State  were  made,  both 
in  1875  and  1876.  In  all  the  experiments  we  pro- 
pose to  lay  before  j^ou  for  consideration,  the  follow- 
ing was  substantially  the  mode  of  collecting  the  vari- 


•  Dirpct  Ex.,  Schmmpf  Cane. 

t  B.  SUlinutn,  People  vt.  D.  Schmmpf. 
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0118  samples.  The  analyst  himself  was  present  at  the 
milking  of  all  the  cows  except  those  which  gave  milk 
in  December,  1876.  In  these  cases  a  trustworthy  and 
competent  assistant  on  one  occasion,  and  two  assistants 
on  a  second,  procured  the  samples  direct  from  the 
cows.  The  samples  were  of  the  whole  milking  (care 
being  taken  to  see  that  the  milker  did  his  work  prop- 
erly), were  of  the  well-mixed  milk,  were  tested  at  often- 
times several  degrees  of  temperature  for  sp.  gr.,  and 
always  once  at  60°  F.  These  tests  were  sometimes  re- 
peated at  a  later  period  both  by  the  hydrometer  and  the 
sp.  gr.  bottle.  All  the  precautions  possible  were  taken 
to  prevent  any  contamination  by  any  substance,  liquid 
or  solid.  The  person  collecting  the  samples  had  direct 
supervision  from  the  time  of  milking  to  the  end  of  the 
analyses  that  were  made.  As  these  samples  were  for 
use  as  exhibits  in  a  case  at  law,  unusual  precautions 
were  taken  to  prevent  any  contamination. 

Naturally  the  food  of  the  cows  was  a  matter  that 
presented  itself  from  the  first  One  but  slightly  famil- 
iar with  the  subject  of  animal  chemistry  would  regard 
that  as  a  matter  most  worthy  of  notice.  The  food  was 
in  almost  e?ery  case  that  supplied  by  nature,  viz.,  pas- 
ture, and  only  those  cows  from  which  milk  was  ob- 
tained in  midwinter  received  nutriment  that  ^ould 
affect  the  character  of  the  milk  to  any  degree,  and  if 
it  did  affect  it,  it  would  certainly  not  render  it  abnor- 
mal. 

In  one  series  of  investigations  the  age,  time  of  calv- 
ing, etc.,  were  noted,  and  the  data  thus  obtained 
would,  of  course,  be  applicable  to  all  samples  taken 
from  the  same  cows,  and  before  the  birth  of  the  next 
calf. 

Analyses  were  made  in  many  cases  in  addition  to 
the  direct  determination,  by  Weight,  of  the  sp.  gr.  in 
verification  of  the  hydrometer  readings. 

As  the  result  of  these  investigations  the  following 
tables  have  been  compiled : 


BpedBo  Qnvlty  at  W. 
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In  Table  No.  L  a  list  of  the  cows  examined  is  given, 
in  all  44  different  cows.  The  milk  from  these  animals 
was  obtained  on  Sept.  15th,  1^75;  Sept  23d,  1876; 
Dec.  18th  and  Dec.  24th,  1876.  We  have  thos  the 
records  in  many  instances  of  two  successive  years  at 
about  the  same  date,  and  in  others  of  two  successive 
years  and  successive  visits  in  one  and  the  same  year.  No 
single  dairy  was  selected,  but  three  farms  were  visited. 
The  food  of  all  but  the  twelve  cows  whose  milk  was 
obtained  in  December,  1876,  was  pasture,  this  part 
of  the  State,  Orange  Co.,  is  noted  for  its  fine  pasture, 
one  or  two  cows  receiving  some  slight  addition  of 
hay,  or  pumpkins.  In  December  the  cattle  were  ne- 
cessarily stall-fed,  but  not  by  any  means  at  a  starva- 
tion rate — oat-straw  and  hay  being  the  diet. 

The  breeds  vary  from  the  native  cows  through  all 
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No. 

1 

SoUda. 

SoHdn 
not  Fat. 

Fat 

Casein 
Sugar. 

Affh. 

1 

8p.  Or. 

4 

86.88 

14.17 

10.71 

3.46 

9.69 

0.70 

97.95<' 

109K.94 

6a 

87.67 

19.48 

8.19 

4.31 

7.78 

0.64 

99 

1096.89 

0 

86.8 

14.7 

8.48 

6.97 

•«•••• 

96 

1097.74 

» 

81  816 

18.684 

8.900 

9  475 

8.878 

0.886 

94 

1097.47 

11 

87.0-16 

19.954 

8.617 

4.887 

7.791 

0.896 

99 

1096.846 

11 

86  078 

18.9>I9 

7.893 

6.000 

7.U68 

0.766 

86 

1093.689 

10 

86.618 

18.889 

7796 

5.667 

7.097 

0.798 

99 

1098. 96» 

6b 

00.126 

0.848 

6.931 

9.917 

6.»8 

0.688 

88.6 

1093.999 

ao 

b7.646 

19.864 

8.064 

4.990 

7.878 

0.691 

99 

1096.88* 

4S 

87.668 

19.448 

6.677 

6.771 

6.919 

0.768 

99 

1098.96* 

4 

a5.064 

14.946 

11.091 

8.865 

10.868 

0.799 

97.6 

1097.86* 

29 

00.668 

9.889 

7.899 

I.IMO 

7.806 

0.087 

81 

1093. 4* 

17a 

H4  786 

16.214 

8.067 

6.947 

7.990 

0.977 

99 

1028  96*  . 

96 

86.970 

13.08 

8.88 

4.65 

7.64 

0.84 

91.6 

1096.9* 

17b 

86.66 

18.84 

9.89 

8.46 

8.61 

1.98 

99 

1098.96* 

99 

01  69  1 

8.48 

6.70 

1.78 

6.81 

0.89 

78 

1099  66* 

Av. 

86.991 

18,077 

8.368 

4.668 

7.66 

0.76 

92.48 

1096.447 

grades  to  pure  breed  of  Ayrshire  and  Aldemey,  and 
the  ages,  number  of  calves,  and  number  of  months  from 


*  Galoalatad. 
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calving  show  quite  as  complicated  a  story.  Looking 
at  this  table,  we  see  that  of  the  44  cows  13  gave  milk 
of  less  gravity  than  1039.*  Let  us  look  at  these  par- 
ticularly, and  for  this  purpose  Table  No.  n.  has  been 
compiled.  There  are  nineteen  samples  placed  in  this 
table,  sixteen  analyses  and  thirteen  separate  and  dis- 
tinct cows.  A  comparison  of  the  analyses  shows  that 
three  contained  between  90-91  per  cent,  of  water,  four 
between  87  and  87.646  per  cent  water,  four  between 
86-87  per  cent,  water,  three  between  8d  and  86  per 
cent  water,  one  84.786,  and  one  81.316  per  cent,  water. 
The  average  is  readily  found  in  the  Table  No.  III.,  and 
shows  that  altogether  the  milk  is  above  the  usual 
standard  adopted  in  the  analysis  of  milk,  as  the  solids 
are  13.077  per  cent,  instead  of  12.5  per  cent  The 
average  gravity  by  calculation  is  1026.447. 

The  question  presents  itself,  how  much  reliance  can 
be  placed  on  the  indications  of  sp.  gr.  as  to  the  quali- 
ty of  the  milk. 

Analysis  No.  5  and  Analysis  No.  42  show  the  fol- 
lowing: Water  nearly  the  same  in  both — only  0.018 
per  cent  difference.  No.  42  contains  more  fat,  less 
casein  and  sugar,  and  more  salts  than  No.  5,  yet  with 
all  the  near  resemblance  in  water  and  solids  thcte  is  a 
difference  in  gravity,  viz..  No.  5,  92*^  Laa ;  No.  43, 
99°  Lac.  Evidently  in  this  case  the  sp.  gr.  gives  abso- 
lutely  no  clew  to  a  difference  in  composition.  Nos.  10 
and  17b  show,  on  the  other  hand,  the  same  sp.  gr.  and 
same  per  cent  of  water ;  but  2.107  per  cent  difference 
in  fat  is  unfortunately  a  point  that  does  not  admit  of 
reconciliation  with  the  idea  that  the  quality  of  the 
milk  is  shown  by  its  sp.  gr. 

Analyses  Nos.  11  and  5b  are  quite  remarkable,  for 
in  No.  11  we  find  13.922  per  cent  solids,  of  which 
6.099  is  fat,  and  in  No.  6b  9.848  per  cent  solids, 


*  The  milk  of  two  cows,  No.  IS  in  the  table,  1b  taken  as  one.    The 
milk  from  the  two  had  been  milked  in  the  aune  paiL 
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2.017  of  which  is  fat  The  one  rich  in  fat  stands  low- 
est, viz.,  85"^  Lac,  and  the  one  that  would  undoubtedly 
pass  as  watered  stands  88.5''.  Both  samples,  how- 
ever, were  pure ;  one  was  rich,  good  milk,  the  other 
undoubtedly  poor.  Alas,  we  will  find  cows  in  all 
climes  and  in  all  seasons  which  are  poor  milkers, 
but  should  a  farmer  attempt  to  sort  his  herd  by  the 
test  of  sp.  gr.  he  would  have  in  this  ca»e  fared  badly, 
since  of  the  two  cows,  he  would  most  likely  have  dis- 
posed of  the  better  one.  Pardon,  however,  the  intro- 
duction of  a  most  peculiar  case  of  .the  attempt  to  judge, 
from  the  sp.  gr.  of  two  milks,  their  composition.  In  the 
Gity  Record  two  analyses  of  milk  were  published  in  con- 
nection with  the  researches  already  referred  to.  The 
question  was  asked  a  witness  which  of  these  two 
milks,  the  lowest  in  sp.  gr.  or  the  highest,  contained 
the  most  water ;  one  was  at  lOO"*  and  the  other  95° 
Lac. ;  it  was  quite  noticeable  that  the  answer  was 
not  ready.  If  the  sp.  gr.  is  a  sure  test  for  excessive 
water,  then  the  one  that  stood  at  95"  must  undoubt- 
edly contain  the  most  of  that  liquid ;  if,  however,  the 
milk  that  stood  at  lOO"*  really  did  contain  the  most 
water,  as  seemed  likely  from  the  cross-question  being 
asked,  and  from  the  interrogator  having  his  hand  on 
the  printed  analysis,  why,  then,  the  sp.  gr.  was  not  a 
sure  test.  In  fact,  the  analyses  proved  that  the  milk 
of  high  sp.  gr.  contained  water  over  and  above  that 
which  stood  at  95"*,  or  5**  below  the  standard. 

In  Table  No.  IV.  a  resume  is  given  in  regard  to  the 
cattle  which  produced  milk  of  low  gravity,  and  shows, 
as  far  as  the  facts  were  obtained,  the  quantity  of  milk 
given  and  the  sp.  gr.  at  different  periods  of  observa- 
tion. From  this  it  is  most  clearly  demonstrable  that 
one  and  the  same  cow,  at  different  seasons  or  periods, 
gives  milk  of  varying  gravity.  In  some  cases  in  the 
tables  of  analyses  this  fact  of  the  variation  from  time 
to  time  is  apparent,  also  as  to  the  chemical  composi- 
tion.   There  was  most  serious  fault-finding  in  regard 
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to  the  quantity  of  milk  given  by  some  of  the  cows. 
Let  the  fact  be  remembered,  however,  that  one  does 
not  and  should  not  expect  to  obtain  a  large  yield  from 
cows  many  months  after  calving.  Lately  a  printed 
document  has  been  largely  circulated  in  New  York. 
It  contains  the  argument  of  the  counsel  of  the  Board 
of  Health  in  the  case  of  milk  adulteration,  which  has 
been  referred  to  in  speaking  of  the  testimony  therein 
offered.  In  this  document  the  herd  of  cows  whose 
milk  was  tested  and  reported  is  divided  into  *'  milk- 
ers "  and  "  strippers,'^  and  it  is  sought  to  prove  that, 
since  some  samples  of  milk  were  obtained  when  the 
cows  were  at  the  end  of  their  milking,  all  samples 
must  be  looked  upon  in  the  same  light. 

No  disguise  was  made  of  the  fact  that  in  many  cases 
the  yield  of  milk  was  small,  nor  was  the  fact  disguised 
that  the  cow's  milk  of  high  gravity  was  also  in  corre- 
spondingly small  quantity.  At  two  farms  milk  in  fair 
quantity,  8,  4,  or  5  qts.  at  a  milking  (morning  or 
evening)  was  found,  in  oft-repeated  instances,  that 
fell  to  as  low  a  gravity  as  1023  to  1024. 

These  questions  will  bo  placed  before  you  on  a 
much  firmer  basis  after  touching  upon  the  next  point. 
Up  to  this  we  have  been  considering  the  facts  of  two 
series  of  investigations,  and  the  contradictory  state- 
ments of  two  individual  investigators.  We  have  the 
broad  assertion  that  no  healthy  cow's  milk  ever  falls 
below  the  sp.  gr.  of  1029,  and  on  the  other  hand  the 
tests,  corroborative  analyses  of  the  samples  of  milk 
obtained  and  examined,  and  demonstrating,  we  think, 
the  fact  that  under  normal  food,  a  healthy  condition 
of  the  cattle,  a  fair  yield  of  milk,  the  gravity  may  in 
many  cases — ^in  enough  cases  to  remove  the  idea  that 
they  are  exceptional — be  as  low  as  1022.65,  and  aver- 
age in  those  below  1029-1026.447. 

We  shall  now  start  from  an  entirely  new  stand- 
point and  take  as  a  statement  to  contradict  that  made 
in  the  trial  of  the  People  «.  Daniel  Schrompf .    One  of 
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the  witnesses  for  the  prosecation  was  tsked  this 
qaestion  in  direct  examination : 

'*  From  your  reading  and  observation,  and  the  ex- 
periments you  have  caused  to  be  made,  has  there  been 
any  experiment  or  test  of  milk  from  a  sound,  healthy 
cow  that  under  normal  circumstances  would  fall  below 
a  hundred  on  the  lactometer  by  the  standard  of  the 
Board  of  Health  ?  " 

The  answer  was : 

"I  do  not  recollect  a  case  in  which  any  cow  under 
normal  circumstances  produced  a  sample  of  milk 
which  stood  below  1029,  or  100  on  the  lactometer  of 
the  Board  of  Health/'  * 

Prof.  Benj.  Silliman  was  asked  what  the  average 
was  between  the  maximum  and  minimum  sp%  gr.  of 
milk  from  healthy  cows  in  normal  circumstances,  and 
answered : 

"  According  to  the  best  of  my  memory,  I  should  say 
a  fair  statement  of  the  general  average,  throwing  out 
extremes  as  exceptional,  would  be  from  27  or  28 
thousandths  as  the  minimum,  to  33  or  34  thousandths 
as  the  maximum,  that  is  to  say,  1027  or  1028  for  the 
minimum,  and  1033  or  1034  for  the  maximum/' 

Mr.  Vaughan,  State  Assayist  for  Rhode  Island,  and 
Milk  Inspector  for  the  city  of  Providence,  testified 
that  cows  on  Gk>v.  Sprague's  farm  he  had  frequently 
found  to  give  milk  of  1028  in  sp.  gr. 

Very  conclusive  evidence  is  that  furnished  by  Mr. 
S.  B.  Sharpies,  State  Assayer  of  Massachusetts,  and 
Milk  Inspector  for  the  city  of  Cambridge,  in  a  memoir 
presented  to  the  American  Academy  of  Arts  and  Sci- 
ences, Dec.  14,  1875.  On  page  154  he  gives  a  tabu- 
lated statement  of  the  analyses  of  the  milks  of  nine- 
teen different  cows,  out  of  which  five  fell  in  sp.  gr. 
below  1029.  The  results  of  Mr.  Sharples's  analyses  are 
subjoined,  the  whole  table  being  given.    It  will  be 

*  ChM.  F.  Cbandler,  direct  enunlnatioii,  People  o.  Daniel  Schnunpf . 


Qoticed  that  cows,  "  P,"  "  N,"  "  O,"  "  P,"  ai 
gave  milk  below  1029.  The  following  is  a  r< 
their  historiea ; 


"  F."  Native  cow,  six  jeara  old ;  had  been  milking 
one  week ;  gave  sixteen  quarts  milk  per  da;.  Peer), 
six  quarts  of  shorts  per  daj,  and  haj.  Owned  by 
John  8t«cle,  of  Stonehant,  and  the  milk  was  sold. 

"N."  Grade  cow,  half  native,  half  Dutch,  three 
jears  old;  bad  been  milking  two  weeks ;  gave  four- 
teen quarts  of  milk  per  da;.  Feed,  two  quarts  meal, 
four  quarts  of  shorts,  and  grass.  Owned  by  Prank 
Steele,  of  Stoueham,  and  the  milk  was  sold. 

"  O."  Niitivc  cow,  Qve  years  old ;  had  been  milking 
t«a  weeks ;  gave  five  quarts  of  milk  per  day.  Feed, 
one  and  a  half  quarts  of  mctil  per  day,  and  hay.  The 
first  sample  of  ttiia  cow's  milk  procured  was  of  such 
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an  extraordinary*  character  that  two  other  eamples 
were  afterwards  obtained.  These  did  not  equal  the 
first,  but  were  rather  better  than  the  average.  Tlie 
cow  had  been  turned  out  to  grass  before  the  second 
was  obtained.  She  was  owned  by  Wm.  Buckman,  of 
Stoneham,  and  the  milk  was  used  at  home. 

"  P."  Native  cow,  eight  years  old ;  gave  twelve 
quarts  of  milk  per  day.  Feed,  one  quart  of  meal, 
grass  and  hay.     Owned  by  C.  S.  Wiley. 

"  Q."  Grade  cow,  native  and  Devon,  nine  years  old ; 
had  been  milking  seven  weeks ;  gave  nine  quarts  of 
milk  per  day.  Feed,  grass  and  hay.  Owned  by  C. 
Wiley.  A  second  sample  of  this  milk  was  obtained  a 
few  days  afterwards;  it  had  improved  somewhat.  The 
cow  had  been  kept  in  poor  condition  all  winter,  and 
had  not  had  grass  long  enough  at  the  time  of  the  first 
trial  to  feel  its  beneficial  effects.  The  milk  was  used 
at  home. 

It  is  quit-e  plainly  seen  from  these  facts  that  of 
all  the  cows  referred  to  by  Mr.  Sharpies,  only  one  of 
the  five  giving  low  gravity  milk  was  in  any  way 
abnormal,  and  she  only  on  account  of  food.  The 
milk  was  not  even  in  her  case  though  more  than  poor ; 
it  is  far  above  suspicion  of  absolute  ill  health.  All 
the  other  cattle  then,  were  in  prime  condition,  and  the 
analyses  show  that  in  each  case  the  milks  were  rich 
and  fine.  In  a  subsequent  paper  read  Nov.  8,  1876, 
before  the  American  Academy  of  Arts  and  Sciences, 
and  published  in  its  proceedings,*  Mr.  Sharpies  sup- 
plements and  substantiates  his  results.  **  Analyses 
XVL,  XVII.,  XVIIL,  and  XIX  were  of  milk  yielded 
by  the  Ayrshire  cow  "Model  of  Perfection.^'  She  was 
eleven  years  old,  and  calved  Dec.  81, 1875.  Evening^s 
milk,  Aug.  13,  1876. 

The  milk  was  drawn  from  each  teat  into  a  separate 
vessel,  and  was  brought  to  me  next  morning. 

•Vol.  XL,  p.  106,  iwr. 
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XVl.  Right  forward  teat,  yield  007.  grams. 

XVII.  Left  forward  teat,    yield  577. 

XVIII.  Right  rear  teat,         yield  680. 

XIX.  Left  rear  teat,  yield  577. 


»( 


u 


Total  yield  2741. 

i( 

XVI. 

XVII. 

XVIII. 

XTX. 

ATerage. 

Cream 

8p.  Or 

Sugar 

GaReine 

Ash 

2.5. 
1.025 

4.09 

4.48 

.68 

42. 
1.024 

2.18 

6.58 

.61 

29. 
1.026 

3.44 

5.00 

.66 

24. 
1.028 

4.20 

6.59 

07 

28.1 

1.0257 

8.72 

5.11 

66 

SolidBnot  fat. 
Pat 

9.25 
5.59 

9.37 
4.43 

9.10 
4.39 

10.46 
3.84 

9.40 
4.68 

Total  Solids. . 
Water 

14.84 
85.16 

18.80 
86.20 

18.49 
86.51 

14.80 
85.70 

14.17 
85. 8S 

100.00 

100.00 

100.00 

ioa.oo 

• 

lOO.OO 

These  experiments  were  repeated  with  another  cow, 
the  milk  being  of  a  higher  gravity,  bnt  the  same  de- 
ductions were  drawn  from  both,  viz.,  that  each  teat 
may  yield  a  milk  differing  from  the  others.  No  doubt 
is  cast  on  the  health  of  either  animal,  nor  exception 
taken  to  the  low  gravity.  We  again  quote :  *'  Analy- 
sis No.  XXIX,  Jersey  cow  *  Henny,'  calved  July  17, 
1876 ;  food,  pasture  and  green  fodder,  com,  two 
quarts  mixed  corn  and  oatmeal,  and  one  quart  shorts 
per  day.    Evening  milk,  Aug.  6,  1876."  ♦ 

Cream  Vol.  p.  c 27 

8p.gr. 1,027 

Sugar 4.20 

Caseine 4.42 

Ash 0.59 

Solids  not  fat 9.21 

Pat 4.72 

Total  solids 14.01 

Water. 86.99 

«  Shwplca,  Vol  XIL,  p.  109. 
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Mr.  Sharpies  has  therefore  in  repeated  instaDces 
found  samples  of  wholesome,  rich  milk,  of  a  sp.  gr. 
lower  than  1029,  and  pablished  the  results  of  his  in- 
vestigations in  a  scientific  journal,  so  that  they  were 
accessible  to  alL  He  refused  in  one  case  to  testify 
in  court  against  a  milkman  because,  although  the  milk 
was  of  1.0256  sp.  gr.,  the  analysis  left  doubt  as  to 
whether  it  was  not  genuine  unadulterated  milk.  His 
publications  all  tend  to  the  establishment  of  thorough 
testing  of  milk,  but  are  strongly  against  taking  as  an 
indication  of  adulteration  the  determination  of  any 
one  of  the  physical  appearances  or  chemical  constitu- 
ents. 

That  these  are  not  the  only  instances  in  this  country 
we  have  reason  to  believe,  from  the  very  positive  asser- 
tions of  farmers  and  dairymen  that  have  spoken  to  us 
on  the  question,  and  one  gentleman  was  deterred  from 
sending  the  milk  of  his  fine  herd  of  cows  to  this  city 
for  sale,  for  fear  of  fine  and  prosecution  from  the 
Board  of  Health,  as  he  found  the  milk  given  was  of 
lower  gravity  than  their  standard.  There  is  abundant 
evidence,  therefore,  from  tests  and  experiments  made 
in  this  country  and  neighborhood,  that  cow's  milk  of 
fine  quality  is  often  of  less  gravity  than  1029. 

Let  us  now  turn  our  attention  to  European  authority. 
Parkes  in  his  Ptadieal  Hygiene^  p.  216,  et  9eq,,  says:  * 

''  Tlie  specific  gravity  varies  from  1026-1036.  A  very 
large  quantity  of  cream  lowers  it,  and  after  the  cream 
is  removed  the  specific  gravity  may  rise.  The  average 
specific  gravity  of  unskimmed  milk  may  be  taken  as 
1030  at  60"  F.,  and  the  range  is  nearly  4**  above  and 
below  the  mean.*'  He  speaks  of  the  use  of  the  spe- 
cific gravity  to  detect  adulteration,  but  says  also  that 
it  is  not  perfect.  We  are  now,  however,  not  to  lose 
sight  of  the  assertion  that  no  milk  runs  below  1029. 
This  he  contradicts. 

*A  XAnoal  of  Practical  Hygiene,  Bdmnnd  Parkes,  ILD.,  Londoa, 
1868,  pt.  SIS,  aeoond  edition. 
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QeorgQ  Wilson,  M.D.,  on  p.  41  of  his  Handbook  of 
Hygiene*  after  speaking  favorably  of  the  teSst  of 
specific  gravity,  says:  **The  specific  gravity  varies 
from  1028-1032;  if  it  falls  to  1026  it  shows  that  the 
milk  is  either  very  poor,  or  that  a  certain  amount  of 
water  has  been  added/'  We  may  supplement  here 
that,  if  the  milk  falls  to  1026,  it  may  also  be  rich, 
wholesome,  good  milk,  as  shown  by  Mr.  Sharples^s 
analyses. 

Elenke,  on  p.  493  of  his  work  on  adulterations  of 
f ood,t  says :  *'  Die  gute  Milch  muss  immer  etwas  schwe- 
rer  als  Wasser  sein,  und  auf  dem  normal  Areometer  ein 
durchschnittliches  specifisches  Gewicht  von  1020-82, 
zeigen  und  zwar  bei  15  Grad  Celsius,  oder  12^^  Reau- 
mur." 

No  other  conclusion  can  be  drawn,  we  think,  from 
the  following  quotation  from  Wanklyn :  J  "  Tliere 
hardly  ever  was. an  instrument  which  has  so  utterly 
failed  as  the  lactometer.  It  confounds  together  milk 
which  is  exceptionally  rich  with  milk  which  has  been 
largely  watered ;  and  many  a  poor  French  peasant, 
bringing  the  best  and  unadulterated  produce  of  his 
dairy  into  a  French  town,  has  been  ruthlessly 
stopped  by  the  police,  who  have  dipped  their  lactom- 
eter into  the  milk,  and  forthwith  sent  it  down  the 
gutter,  as  if  it  had  been  milk  and  water,^'  unless  it  is 
that  the  gravity  was  below  1029,  the  French  standard 
at  one  time  for  purity. 

Hassall,  in  the  last  edition  of  his  work  on  the  adul- 
teration of  food  and  modes  of  detecting,  the  same, 
says,  p.  899 :  §  **  As  the  composition  of  milk  varies,  so 
of  course  does  its  specific  gravity,  but  it  may  be  said 
to  range  from  1027-1034.     On  p.  406  two  tables  are 

*  A  Handbook  of  Hygiene,  Geo.  Wilson,  M.A.,  M.D.,  Edln.,  p.  A\, 

t  Die  VerfalRchnng  der  NAhmngsmittPl  and  Qetrinke,  von  Hermann 
Klencke,  Leipzig,  1H68. 

X  J.  A.  Wanklyn,  M.R.O.S.,  Milk  Analysin,  1874,  p.  8. 

I  Food,  its  AdnlterntionB  and  the  Methods  for  their  Detection.    Hai 

sail.    London,  187ft. 
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given  showing  the  variation  of  genuine  milk  morning 
and  evening  in  specific  gravity.  Ten  cows  were  taken 
and  the  average  of  the  moming  milks  was  neorly  1029 
— five  being  below  1029 — and  the  average  of  the  same 
cows^  evening^s  milk  about  1027,  all  being  below  1029. 
It  will  be  observed  from  these  tables  also  that  from 
the  gravity  no  conclusion  could  be  drawn  of  the 
amount  of  cream  the  milk  was  capable  of  giving. 
The  Richmond  cows,  from  which  the  first  six  mom- 
ing and  afternoon  milks  were  obtained,  were  fed 
partly  on  grass  and  partly  on  grain.  The  samples 
were  taken  from  the  milk- pail  containing  the  whole 
of  the  milk  obtained  from  the  cow,  and  whilst  still 
warm. 

■ 

"  From  the  preceding  tables  (p.  406)  it  appears :  That 
the  specific  gravity  of  genuine  milk,  in  its  ordinary 
condition,  varies  between  1026-1081 ;  and  that  the 
average  specific  gravity  of  the  moming  milk  is  about 
1029,  and  the  afternoon  1027;  but  the  results  of 
more  recent  observations  gave  a  variation  of  from 
1029-1034  for  genuine  milk." 

These  observations  are  tabulated  on  p.  400.  There 
are  twelve  cows— two  giving  milk  below  1029.  Other 
tables  are  given  where  many  santples  fell  below  1029; 
but  as  there  are  no  statements  as  to  whether  they  are 
of  the  whole  milk,  no  cognizance  can  be  taken  of  them 
except  this  brief  reference. 

We  now  come  to  a  work  of  very  recent  date.*  It 
in  many  parts  speaks  in  favor  of  using  the  specific 
gravity  as  an  indication  of  watering,  but  on  careful 
criticism,»the  fact  creeps  out  that  after  all  for  judicial 
prosecution  there  is  great  doubt,  especially  where  the 
milk  produced  comes  from  various  sources,  such  as 
supplying  large  cities,  if  it  shall  be  the  only  test  ne- 
cessary to  procure  conviction.  But  of  one  point  there 
is  no  doubt,  that  many  authorities  find  milk   from 


^  Fleischmuin  :  Dm  MolkeneroiweMn,  18TS,  p.  89. 
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normally  fed  and  healthy  cattle  in  many  cases  fall- 
ing  below  1029  in  specific  gravity. 

Goppe]8r5der,\¥ho  has  devoted  himself  to  this  sub- 
ject for  fifteen  years,  made  tests  with  milk  from  197 
cows,  and  the  author,  Fleiachmann,  on  12d.  The 
cows  were  all  milked  in  the  presence  of  the  analyst. 


OoppelarSder. 

Fleifldmuuin. 

over   1034     8  per  cent. 

1  per 

cent 

1084-1088      6 

14 

1038-1082    13 

25 

1032-1031    22 

26 

1031-1030    24 

32 

1030-1029    18 

2 

1029-1028    11 

0 

under 1028     8 

0 

100  100 

Fleibchraann,  not  content  with  his  experiments^  and 
wishing  to  contradict  still  more  fully  Goppelsrdder's 
statement,  took  the  specific  gravity  of  milks  at  many 
different  places,  and  found  the  milk  generally  above 
1029,  but  had  to  allow  that  '*here  and  there  ^'  samples 
were  found  between  1027-28,  although  he  failed  to 
find  any  lower  from  what  he  looked  upon  as  healthy 
cows.     He  then  makes  investigations,  resulting,  as  he 
interprets  them,  in  his  favor  as  far  as  commercial  milk 
is  concerned ;  but  has  the  fairness  and  frankness— alas  I 
too  often  wanting  with  some  investigators — to  acknowl- 
edge that,  although  supported  by  many  authorities  on 
the  question  of  the  average  specific  gravity  of  milk, 
he  is  flatly  contradicted  by  Orthmann,  who*found  the 
average  of  fifty-six  samples  to  be  1027.1,  and  by  Pin- 
cus  and  Struckmann,  in  that  they,  give  the  specific 
gravity  as  varying  from  1024.8-1040.     Fleischmann 
attempts  to  cast  somewhat  of  a  slur  upon  these  last 
results,  but,  however  he  may  strive,  the  fact  remains 
that  cases,  not  so  few  as  to  be  considered  as  excep- 
tions, are  recorded  of  milk  of  less  specific  gravity 
than  1029. 
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Need  these  citations  be  paisaed  further  ?  Must  it 
not  be  conceded  that  there  is  abundant  evidence  show- 
ing  that  far  from  there  being  isolated  cases  of  milk 
of  lower  specific  gravity  than  1029,  quite  a  goodly 
parcentage  at  the  lowest  in  this  country,  from  15  to 
20  per  cent,  are  recorded  ? 

It  is  claimed  by  some  that  in  bringing  forward 
samples  of  milk  of  lower  specific  gravity  than  the 
ofllcially  adopted  standard,  we  would  do  away  with 
all  testing  for  adulteration,  we  have  on  the  contrary 
always  contended  that  a  more  severe  and  rigorous 
prosecution  of  offenders  against  the  public  health  and 
public  purse  should  be  instituted;  but  that  in  the 
methods  of  detecting  the  frauds,  the  rights  of  indi- 
vidual citizens  to  complete  proof  should  be  respected. 

In  Johnson's  Universal  Encyclopsedia  it  is  stated 
that  by  means  of  the  indications  of  specific  gravity 
over  forty  cases  for  watering  milk  were  prosecuted 
and  fined.  Is  it  a  fair,  honest  statement  to  give  to 
the  public  ?  Only  two  cases  of  milk  adulteration  have 
been  tried  in  this  city  where  the  defendants  had  the 
support  of  any  scientific  testimony,  and  in  one  the 
Supreme  Court  pronounced  the  man  not  guilty  on 
account  of  insufficient  evidence,  and  the  other  is  now 
pending  the  adjudication  of  the  same  tribunal. 

A  very  serious  charge  has  been  made  concerning  the 
sample  of  milk  from  the  **  Black  cow  ^'  referred  to  in 
the  tables,  and  obtained  on  December  18,  1876.  It 
was  stated,  and  the  statement  has  been  largely  circu- 
lated in  a  pseudo-scientific  form  in  New  York,  that  it 
was  alkaline  in  reaction  three  weeks  after  the  analysis 
was  completed,  and  that  it  oontamed  pus.  In  regard 
to  the  first  point  we  may  state  that  the>  person  who 
gave  part  of  the  sample  for  analysis  tasted  the  milk 
and  found  it  sour,  and  that  when  tested  with  litmus 
paper  two  days  after,  it  was  acid.  Professor  J.  W.  8. 
Arnold  was  requested  to  examine  the  samples  obtained 
from  the  "  Black  cow  ^*  on  December  18th  and  24th, 
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and  states :  **  I  received  from  Dr.  Charles  A.  Doremus 
two  bottles  containiug  milk ;  one  bottle  was  marked 
*No.  fS,*  Black  cow,'  and  the  other  'Black,'  with  the 
degree  of  the  lactometer.  On  tho  28th  of  December, 
1876,  I  made  a  very  careful  microscopic  examination 
of  both  samples,  in  order  to  detect  anything  abnormal 
in  them,  or  either  of  them.  My  examination  failed  to 
disclose  anything  abnormal  in  the  character  of  said 
milks,  or  either  of  them,  and  in  my  opinion  the  same 
were  pure  and  from  a  healthy  cow.  On  and  after  the 
28th  of  December,  I  made  repeated  examinations  of 
the  said  milks,  with  especial  regard  to  discovering  the 
presence  therein  of  pus.  I  am  perfectly  familiar  with 
the  characteristics  of  pus  from  various  animals,  includ- 
ing cows,  and  have  made  many  microscopic  examina- 
tions of  the  same.  In  neither  of  the  said  samples  of 
milk  did  I  find  a  particle  of  pus." 

Before  making  the  analysis  of  this  sample  of  milk, 
we  examined  it  microscopically  also,  and  though 
familiar  w^ith  the  morbid  excretions  of  the  human 
body,  and  with  the  characteristics  of  pus,  and  such 
anatomical  elements,  failed  to  discover  any  in  this 
milk,  or  in  the  second  sample  from  the  same  cow.  We 
were  unwilling,  however,  since  two  experts  had  said 
that  pus  was  found,  to  let  the  matter  rest  on  our  own 
convictions,  but  we  must  surely  consider  Professor 
Arnold's  statement  as  conclusive. 

We  are  well  aware  of  the  attempt  that  will  be  made 
to  shield  the  employment  of  the  hydrometer  in  testing 
watered  milk  on  the  use  of  the  average  specific  gravity 
of  milk ;  but  be  it  remembered  that  there  are  two 
facts  that  will  not  support  that  When  we  find  that 
two  milks  of  the  same  specific  gravity  have  dif- 
ferent chemical  composition,  and  two  milks  of  the 
same  chemical  composition  have  different  gravities, 
how  can  the  average  be  calculated,  or  a  standard  ar- 

♦  No.  S,  obtained  December  18, 1876. 
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rived  at,  even  by  experiment,  that  will  hold  for  a 
criminal  prosecution.  Late  investigations  also  show 
that  one  and  the  same  milk  will  vary  in  specific 
gravity  in  short  periods,  where  from  the  temperature 
remaining  sufficiently  low,  no  essential  chemical  change 
has  taken  place. 

When  criminal  prosecution  is  to  follow  the  seizure 
of  a  suspected  sample,  we  claim  that,  at  no  great  ad- 
ditional expense  (and  if  there  were,  a  criminal  prose- 
cution would  justify  it),  much  more  positive  knowl- 
edge of  the  purity  or  impurity  of  the  sample  is  attain- 
able. Who  should  be  more  zealous  in  seeking  this, 
than  those  appointed  to  watch  over  the  health  of  a 
great  city  ? 

There  must  be  an  error  of  logic  somewhere  that  per- 
mits the  prosecution  of  individuals  by  tests  that  we 
must  claim  are,  at  best,  at  the  present  time  considered 
doubtful.  The  Schoeppe  case  in  Baltimore  and  the 
case  of  Mrs.  Wharton  lacked  complete  chemical  evi- 
dence ;  the  analyst,  though  a  man  of  age  and  dis- 
tinction, was  severely  criticised  by  his  scientific  brethren 
and  by  the  public.  Is  not  the  same  criticism  applicable 
to  experts  who  gave  the  weight  of  their  name  and 
position  to  the  condemnation  of  citizens  on  evidence 
far  less  complete  than  in  the  cases  above  referred  to  ? 

Klencke  says  (p.  511),  in  his  work:  "  Where,  how- 
ever, a  criminal  prosecution  is  to  follow,  and  a  fine  is 
to  be  imposed,  it  is  absolutely  necessary  that  a 
chemical  investigation  shall  be  made.^'  Such  a  senti- 
ment is  found  also  in  the  opinion  of  the  Judges  of  the 
Supreme  Court  of  New  York — Brady,  Daniels,  and 
Davis :  **  If  by  tests  made  by  scientific  men  the  lac- 
tometer or  lactodensi meter  furnishes  only  questionable 
evidence  of  adulteration,  it  should  not  be  regarded  as 
sufiicient  to  warrant  a  conviction.  There  should  be 
superadded  evidence  which  would  remove  the  doubt, 
and  if  analysis  be  necessary  for  the  purpose  it  should 
be  made.     The  milk  supposed  to  be  adulterated  and 


252 

offered  for  sale  can  be  purchased  and  80  tested  that 
the  result  must  be  certain  beyond  a  reasonable  doubt. 
The  testimony  given  on  the  trial  herein  and  presented 
on  this  appeal  establishes  clearly  that  such  a  test  can 
be  made.  It  may  be  troublesome,  but  the  Board  of 
Health  seems  to  be  vested  with  the  necessary  power  to 
have  it  done,  and  the  duty  of  protecting  the  conunu- 
nity  from  illegal  traffic,  of  which  it  is  a  dangerous  ele- 
ment, demands  careful  and  rigid  scrutiny.  When  the 
proof  is  certain  the  punishment  should  be  as  severe 
the  law  permits.*' 
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XLVIII. — ^Pboceedinqs. 
Regular  Meeting^  Thursday,  April  5,  18T7. 

The  meeting  was  called  to  order  at  8.15  p.  m. — ^Vice-President 
Chandler  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

At  a  Council  Meeting,  held  April  3d,  it  was  resolved  to  recom- 
mend the  following  to  the  Society  : 

That  the  custody,  distribution  and  sale  of  the  Society's  publi- 
cations be  intrusted  to  the  Committee  on  Papers  and  Publications, 
and  that  they  supply  copies  at  $5  00  per  annum,  no  single  num- 
bers to  be  sold. — Carried. 

That  members  may  introduce  strangers  to  the  conversaziones^ 
the  names  to  be  recorded  with  that  of  the  introducing  member  in 
a  book  to  be  kept  by  the  Secretary. — Carried. 

That  the  celebration  of  the  first  anniversary  (April  6th)  take 
place  at  the  next  conversazione  in  such  manner  as  the  Society  may 
decide  upon. — Referred  to  Committee  on  Conversazione  with 
power. 

Mr.  "Waller,  of  Committee  on  Rooms,  reports,  that  the  top 
floor  in  the  building  at  the  northeast  comer  of  Fourth  avenue  and 
Seventeenth  street  is  available,  at  an  annual  rent  of  $600. — ^Re- 
ferred to  Council. 

The  following  were  elected : 

As  members — Spencer  Borden,  Fall  River,  Mass. ;  Dr.  C.  O. 
Cech,  Berlin,  Germany. 

As  associates — Julius  A.  Stursberg,  Brooklyn ;  Oscar  W.  Don- 
ner,  Brooklyn ;  John  O.  Donner,  Brooklyn ;  A.  L.  Sieghortner, 
Brooklyn;  Henry  Havemeyer,  New  York;  Franklin  A.  Elalb- 
fleisch,  New  York ;  Albert  M.  Kalbfleisch,  New  York ;  G.  H. 
Nichols,  New  York;  Henry  Merz,  New  York;  Fred.  Heller, 
Newark,  N.  J. ;  E.  Scliroeder,  Jersey  City,  N.  J. ;  T.  J.  Charlton, 
Savannah,  Qa. 
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The  following  were  proposed : 

As  memhers — Thomas  Norton,  Berlin,  Germanj;  A.  Pen- 
iseat,  Clermont  Ferrand,  France ;  Jos.  C.  F.  Chee ver,  New  YoA ; 
J.  H.  Appleton,  Providence,  R.  I. ;  Chas.  Edgar  D wight,  Wheel- 
ing, W.  Va. ;  T.  O'C.  Sloan,  N.  Y. 

As  associates — Francis  Forbes,  N.  T. ;  A.  P.  Howard,  BoBioB, 
Mass. ;  O.  B.  Stillman,  Boston,  Mass. ;  Edward  S.  Renwi<i,N.  Y. 

Mr.  Julius  H.  Striedinger  read  the  first  paper  of  the  evening 
on  "  Detonating  Submerged  Nitro-Qljcerine  Compounds  by  mean* 
of  Concussion." 

Mr.  Casamajor  read  part  first  of  his  paper  on  "  Areometen," 
which  was  discussed  bj  Drs.  Chandler  and  Waller. 

Dr.  Doremus'  paper  on  the  ^'  Abnormal  Constitutents  of  Blood 
in  Leucocjthemia,"  was  laid  over  for  the  next  meeting. 

Prof.  Mallet's  paper  on  "  Magnesium  Nitride  obtained  by  the 
Smothered  Combustion  of  Magnesium/'  was  read  by  title  aod 
ordered  to  be  printed. 

Adjourned. 


XLIX. — On  Dstonatino  Subhxbosd  Nitbo-Gltokbink  CoMPOinnM  bt 

Means  of  Concussion. 

BY   JULIUS   n.   STRIEDING£R. 

Durinfi^  the  course  of  preparations  made  for  the  great  blast  at  Eal- 
lett's  Pointi  Hell  Gate,  tho  practicability  of  transmitting  detonations, 
through  the  agency  of  water,  was  made  tho  subject  of  careful  con- 
sideration. 

Experiments  were  carried  on  by  the  undersigned,  under  the  dire^ 
tion  of  General  Newton,  with  the  ultimate  view  of  ascertaining  ^^ 
feasibility  of  adding  this  method  of  explosion  to  that  derived  from  the 
electric  appliances.  In  the  following  it  is  intended  to  present  a  descrip- 
tion of  the  apparatus  used,  the  experiments  made,  and  tho  conclusions 
finally  arrived  at. 

The  apparatus  itself  consisted  of  an  iron  bar,  lowered  into  the  water 
by  means  of  two  marked  lines  secured  to  its  extremities,  the  upper  ends 
of  the  lines  being  fastened  to  two  buoys ;  thus  tho  bar  was  sustained  at 
the  required  depth.  About  five  feet  below  this  iron  bar  the  ahAtges 
were  secured  to  white  pine  strips  lashed  to  the  bar ;  iron  sinkers  were 
hung  to  the  lower  ends  of  the  strips.  The  strips  varied  in  dimensions, 
one  measuring  }"  x  2"  x  6' ;  the  other  f "  x  4"  x  6'. 

The  cartridge  containing  the  '^20  grain  of  fulminate  fuse''  va^ 


always  attached  to  the  narrow  strip,  while  the  other  secoDciarj  cart- 
ridge, not  supplied  with  an  electric  fuse,  was  connected  with  the  wider 
strip. 

The  explosion  of  the  cartridge  bearing  the  fuse  was  determined  hy 
the  electric  current. 

Owing  to  the  difference  in  width  of  the  pine  strips,  an  examination 
of  the  wooden  debris  after  the  blast  readily  indicated  whether  the  de- 
tonation by  concussion  of  the  secondary  cartridge  was  effected  or  not. 

The  following  were  the  nitro-glycerine  compounds  used  in  the  ex- 
periments : 

1.  Dynamite  No.  1,  being  a  mixture  of 

76  per  cent,  of  nitro-glycerine  with 
25  per  cent,  of  Kieselguhr. 

2.  Bendrock,  consisting  of 

83.4  parts  of  nitroglycerine, 
2.4      '^         charcoal, 
6.7      "         sulphur, 
52.8      "        saltpetre, 
2.0       "         rosin, 
2.7      "        wood  fibre  pulp. 
These  high  explosives,  made  up  into  one-pomid,  and   half-pound 
charges,  were  put  in  brass  and  paper  shells,  also  in  rubber  bags. 

The  shells  measured  two  inches  in  diameter,  and  six  inches  in  height; 
the  metallic  shells  being,  in  addition,  provided  with  a  cylindrical  neck, 
one  and  one-half  inches  high  and  one  inch  wide.  The  paper  cartridges 
were  dipped  in  paraf!ine.  ' 

When  entirely  filled,  each  of  these  shells  just  contained  one  pound 
of  explosives. 

For  the  experiments  with  one-half  pound  charges,  the  bra«s  shells 
of  the  above  dimensions  were  half  filled  with  dry  sand  before  the  nitro- 
glycerine mixtures  were  introduced. 

The  rubber  cartridges  had  an  ellipsoidal  form,  their  width  not  ex- 
ceeding two  inches.     Old  gun-cotton  bags  were  used  as  shells. 

All  cartridges  were  well  sealed  with  water-tight  cement — a  mixture 
of  beeswax,  pitch,  and  tallow — the  necks  of  the  metallic  shells  being  in 
addition  closed  with  corks. 

Charges  detonated  at  a  depth  of  about  six  feet  produced  very 
handsome  ^^jets  d^eaux,^  which  rapidly  decreased  in  height,  according 
as  the  cartridges  were  fired  in  gradually  increasing  depths;  until 
scarcely  any  upheaval  of  water  was  produced  in  a  depth  of  thiity  feet, 
and  only  a  few  gas  bubbles  rising  slowly  to  the  surface,  indicated  that 
the  voluminous  gaseous  products  of  the  explosion  had  been  reduced  in 
bulk,  and  mostly. absorbed  by  the  comparatively  cold  salt  water. 
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In  many  cases  when  no  explosion  by  concussion  of  the  secondary 
charges  ensued,  the  necks  of  their  metallic  shells  were  found  to.  have 
been  blown  off,  and  the  plastic  high  explosive  appeared  reduced  in 
diameter ;  thus  demonstrating  that  considerable  outside  pressure  was 
•exerted  on  the  secondary  cartridge. 

The  results  of  the  experiments  given  above  tend  to  justify  the  fol- 
lowing conclusions : 

1.  Through  the  agency  of  water  the  transmission  of  detonation  is 
practicable  between  dynamite  charges. 

2.  The  explosion  by  concussion  of  the  submerged  dyni»nite  de- 
pends: 

a.* Upon  the  character  of  the  cartridge  shell  (paper  and  rubber 
casings  communicating  the  detonation  more  readily  than  metallic 
shells). 

b.  Upon  the  distance  between  the  charges,  a  decrease  in  the  distance 
between  them  increasing  the  probability  of  detonation  by  transmission. 

Note. — A  diversity  of  opinion  exists  regarding  the  question,  What 
<aute8  the  transmission  of  detonation  f 

Professor  Abel,  one  of  the  first  autlkArities  on  the  subject  of  high 
explosives,  observes : 

''  That  the  degree  of  facility  with  which  the  detonation  of  a  substance 
will  develop  similar  changes  in  a  neighboring  explosive  substance,  may 
bo  regarded  as  proportionate  to  the  amount  of  force  developed  within 
the  shortest  space  of  time  by  that  detonation  ;  the  latter  being,  in  fac^ 
analogous  in  its  operation  to  that  of  a  blow  from  a  hammer,  or  of  the 
impact  of  a  projectile." 

And  again : 

'^  That  the  effect  of  the  detonation  of  one  substance  in  causing  the 
explosion  of  another,  depends  not  only  on  the  force,  but  also  on  the 
nature  of  the  vibrations  developed  in  the  former.  The  most  probable 
explanation  of  the  observed  results  being :  that  the  vibrations  attendant 
upon  a  particular  explosion,  if  synchronous  with  those  which  would  re- 
sult from  the  explosion  of  a  neighboring  substance,  in  a  state  of  high 
chemical  tension,  will,  by  their  tendency  to  develop  those  vibrations, 
either  determine  the  explosion,  or  at  least  greatly  aid  the  disturbing 
effect  of  mechanical  force,  suddenly  applied  ;  while,  in  the  instance  of 
another  explosion,  which  develops  vibratory  impulses  of  a  different 
character,  the  mechanical  force  applied  through  its  agency  has  to  operate 
with  little  or  no  aid,  so  that  greater  force  or  a  more  powerful  detona- 
tion is  required,  in  the  latter  case,  to  accomplish  the  same  result." 

As  we  derive  from  our  experiments  at  Hallett's  Point  sufficient  evi- 
dence  that  pressure  really  was  exerted  on  the  secondary  charge,  due  to 
the  detonation  of  the  primary,  I  respectfully  suggest  that  the  following 
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experiment  be  made,  in  order  to  determine,  as  near  as  possible,  whether 
or  not  the  detonation  of  an  explosive  substance,  submerged  in  the  neigh- 
borhood of  another,  is  really  the  result  of  compression,  arising  from  the 
detonation  of  one  of  the  substances,  as  we  know  that  compressioa 
quickly  applied,  will  generate  heat  and  cause  explosion. 

For  this  purpose  two  cartridges  of  the  same  size  and  material  might 
be  selected,  their  shells  to  be  cylindrical  and  of  brass,  and  filled  with 
similar  explosive  compounds. 

Let  the  shell  of  one  of  the  cartridges  be  perforated  by  holes  of  any 
given  shape,  but  made  in  its  cylindrical  sides ;  and  pieces  of  brass, 
larger,  but  corresponding  to  those  holes,  made  so  as  to  close  them  when 
put  inside  the  shell ;  the  pressure  of  the  explosive  compound  in  the  cart- 
ridge serving  to  retain  these  covers  or  shutters  in  their  positions ;  at  the 
same  time  water-tight  cement  to  be  placed  around  the  edges  of  the  holes, 
to  completely  exclude  moisture. 

Now  on  submerging  the  two  cartridges,  placing  half  way  between 
them  a  primary  cartridge  containing  the  fulminate  of  mercury  fuse, 
should  (while  gradually  increasing  the  distance  between' tHe  three  cart- 
ridges) the  charge  in  the  perforated  shell  continue  to  explode,  while  that 
in  the  other  does  not,  then  it  will  be  evident  that  the  explosion  is  due 
to  the  higher  degree  of  sudden  pressure  which  the  charge  received,  owing 
to  the  more  compressible  character  of  its  shell ;  proving,  for  sub- 
merged charges  at  least,  that  transmission  of  detonation  is  chiefly 
effected  by  heating  the  explosive  by  compression. 
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L. — Osr  Areometbbs.     Pabt  I. 

BY  P.  CASAMAJOR. 

Thb  last  paper  which  I  had  the  honor  of  reading  before  this  sodelgr 
related  to  the  corrections  of  the  errors  due  to  changes  of  temperature 
in  volumetric  analysis,  and  although  the  results  which  I  gave  found 
their  application  in  an  important  branch  of  chemical  science,  I  am  not 
sure  that  mj  paper  had  otherwise  a  very  close  connection  with  chemis- 
trj.  The  favorable  reception  of  this  paper  by  many  members  vko 
have  expressed  to  me  great  interest  in  its  subject,  induces  me  to  offer 
you,  this  evening,  a  paper  of  a  similar  character  on  areometers.  Sudi 
is  the  constant  use  made  by  chemists  of  these  useful  and  convenient  in- 
struments, that  I  feel  1  owe  no  apology  for  presenting  the  subject.  In 
the  first  place,  I  propose  to  examine  the  nature  of  the  scales  of  tbe 
areometer»  most  generally  used,  and,  in  the  second  {^lace,  to  apply  the 
data  obtained  by  this  examination,  and  those  given  in  the  last  paper 
which  I  read  before  this  society,  to  the  correction  of  the  errors  results 
ing  from  variations  of  temperature.  * 

PART   FIRST. — SCALES   OF   AREOMETERS. 

A  great  portion  of  what  I  have  to  say  on  the  scales  of  areometers,  I 
have  published  already  on  several  occasions ;  *  and  although  it  is  with 
regret  that  I  have  to  present  you  with  matter  that  I  have  published  else- 
where, I  have  found  noway  of  avoiding  it,  as  otherwise  tjie  new  matter  I 
have  to  present  would  be  incomprehensible.     . 

Areometers  are  formed  of  two  portions,  the  stem,  which  bears  the 
graduation,  and  the  bulb,  whose  diameter  is  considerably  larger,  and 
whose  object  is  to  avoid  excessive  length  of  the  instrument.  I  must^ 
however,  for  the  purpose  of  studying  the  graduation  of  areometers,  dis- 
card the  bulb,  and  suppose  that  we  have  a  geometrical  cylinder  of  in- 
definite length. 

If  this  areometer  A  B  is  to  be  used  for  liquids  heavier  than  water, 
we  will  suppose  that  its  weight  is  such  that,  when  immersed  in  pur« 
distilled  water,  at  the  normal  temperature,  it  will  sink  to  a  point  c,near 
the  top  of  the  cylinder.  This  is  an  important  jreference  point  in  all  are- 
ometers, as  it  corresponds  to  the  unity  of  specific  gravities  of  liquids. 

As  a  floating  body  is  in  the  state  of  equilibrium  in  a  liquid,  when 
the  weight  of  the  liquid  displaced  is  equal  to  the  weight  of  the  floating 


*  ToBting  Sugar  Solutions,  American  Chemiai^  Oct  and  Nor.  1873. 
On  the  Formulaof  Francceur,  Ac.  (ibid.),  Feb.  1874. 
Expansion  of  ii^ugar  Solutions  by  Heat  (ibid.),  June,  1874. 
Nouveau  Procode  pnur  In  Determination  da  coSffiiient  de  paret§  dea  diaaolotioA) 
mcrCeB.^  Moniimir  St-tentifigtie,  March,  1877. 
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body,  i f  we  place  our  cylindrical  areometer,  which  sinks  \ 

to  c  in  pure  water,  in  a  liquid  whose  specfic  gravity  is      ■■■'*^ 

double  that  of  water,  it  will  sink  to  a  point  e,  placed  in      ^^ 

,  ,      _        Be  H^^^ 

such  a  manner  that  Be  »«  —     This  happens  because,  in      IW      i 

a  geometrical  cylinder,  the  distances  Be,  Be  are  proper-      H      i 
tional  to  the  volmnes  between  these  points,  and  be- 
cause the  new  liquid  being  twice  as  heavy  as  water,  it      IH      | 

I 
I 

same  manner,  if  it  was  possible  to  obtain  a  liquid  four      iH-ifjy 
times  heavier  than  water,  the  areometer  would  sink  to      ^^ 

Bo  __ 

a  point  f,  so  placed  that  Bf »» —  IB  pjJ 

If  now  we  call  the  specfic  gravity  of  water  100,  and  . 
if  we  place  numbers  opposite  to  c,  e,  f,  which  express 
the  corresponding  specific  gravities,  we  shall  have  100 
opposite  to  c,  200  opposite  to  e,  and  400  opposite  to  f. 
If  we  make  intermediate  divisions,  each  expressing  an 
increase  of  specific  gravity  equal  to  y^  part;of.the 
specific  gravity  of  water,  there  will  be  100  such  divi- 
sions between  c  and  e,  and  200  between  e  and  f.  The 
space  e  f  is  however  one-half  of  c  e,  so  that  the  mean 
length  of  a  division  between  c  and  e  must  be  4  times 
greater  than  that  of  a  division  between  e  and  f.  By 
making  the  same  calculation  for  any  portion  of  the 
stem,  we  may  see  that  the  decrease  of  the  length  of  the 
divisions  is  gradual  from  c  to  f.  A  scale  of  this  kind 
is  called  uneven. 

We  may,  on  the  other  hand,  starting  from  the  ■"-  D---^ 
point  c,  divide  the  space  c  B  into  a  certain  number  of  equal  parts.  A 
scale  of  this  kind  is  called  even,  and  I  may  remind  you  that  the  greatest 
portion  of  the  areometers  used  in  the  arts  have  even  scales. 

We  are  naturally  led  to  inquire  whether  any  relation  exists  between 
even  scales  and  scales  expressing  specific  gravities.  I  have  seen  it  clear- 
ly stated  in  books  that  no  such  relation  exists,  and  that  the  correspond- 
encies of  these  divisions  are  found  by  means  of  tables,  which,  it  must  be 
inferred,  were  obtained  experimentally,  or  by  means  of  empirical 
formulas. 

I  believe  that  Francccur  was  the  first  mathematician  who  studied  the 
relations  between  these  two  classes  of  scales,  and  he  has  left  us  two 
formulas,  one  for  Beaume's  areometer  for  liquids  heavier  than  water : 

152 

152— d 
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and  the  other  for  Beaume's  instrument  for  liquids  lighter  than  water: 

!  136+d 

In  1^1086  ibrmulas  P  represents  the  specific  gravity,  while  d  is  the 
corresponding  degree  of  an  even  scale. 

We  shall  have  occasion  to  rettrm  to  these  formulas,  after  we  hate 
studied  the  general  relation  which  exists  between  ike  divisions  of  even 
scales,  and  their  corresponding  specific  gravities. 

To  discover  this  relation,  let  us  suppose  that  we  have  placed  our 
cylindrical  areometer  in  a  liquid  of  specific  gravity  P,  and  that  it  has 
sunk  to  a  point  g  of  the  stem.  As  the  weight  of  liquid  which  buoys  up 
an  areometer  must  be  equal  to  the  weight  of  the  areometer  itself,  the 
volumes  of  liquid  displaced  are  inversely  as  their  specific  gravities. 
Now  if  we  divide  the  space  o  B  into  a  certain  number,  N,  of  equal  parts, 
and  if  we  find  a  number  d  of  these  divisions  between  c  and  g,  the  dir 
tanc^  c  B,  which  is  the  pcnrtioQ  submerged  in  pure  water  will  be  ei- 
pressed  by  N  divisions  or  degrees,  while  the  space  g  B,  the  portion  sub- 
merged in  a  liquid  of  specific  gravity  P,  will  be  N—d,  and  we  shall  have 
the  equation : 

JP ^_N^ 

nr   N-d 

from  which,  knowing  d,  we  may  calculate  the  value : 

N--      (1) 

From  this  equation  we  may  find  the  whole  number  of  degrees  ot 
even  scale  from  c  downwards.  This  number  N  is  obtaii^ed  by  multi- 
plying the  specific  gravity  by  the  corresponding  number  of  degrees,  and 
dividing  this  product  by  the  difference  between  the  same  specific  gravi- 
ty and  unity. 

If  we  know  the  value  of  N  for  any  scale,  we  may,  inversely,  calcu- 
late the  value  of  d  when  P  is  known,  or  the  value  of  P  when  d  is  known, 
by  these  formtdas : 

-^  « 

d=N-^-   (3) 

In  Beaume's  original  areometer  for  liquids  heavier  than  water,  15 
corresponded  to  sp.gr.  1.109.     Formula  (1)  will  give  us,  in  this  case, 

1.109x15      16635      ^^^a 

-M  e„ ^oB s-a  l0".O 

0,109  109 
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If  we  neglect  0.6,  formula  (2)  will  give  us 

152 
p  — 

152— d 
as  given  by  Francoeur. 

Although  this  formula  was  correct  for  the  original  phe  sel  of  Beaumi'', 
it  does  not  answer  for  the  instrument  now  sold  as  Boaumc's  areometer^ 
in  which  CG^  correspond  to  the  point  to  which  the  instrument  sinks  in 
sulphuric  acid,  H*  So*.  Taking  1.S45  for  tha  specific  gravity  of  IP  So%, 
we  have  by  formula  (1) 

_      1.845  xGrt       121770 

N oisS^ %i^  -'^'^^  ^'  '^ 

AsBeaume's  areometer  is  extensively  used  in  the  arts,  many  chem- 
ical, technological  and  pharmaceutical  books  give  tables  for  the  conver- 
sion of  its  indications  into  corresponding  specific  gravities.  In  thesa 
tables,  N  is  sometimes  152,  son^^times  144,  and  at  other  times  143^ 
145.4,  dsc.  It  is  a  matter  of  some  importance  to  determine  the  value  of 
N  in  any  table.  Fortunately  this  may  be  done  at  a  glance  by  observ- 
ing the  degree  Beaume  which  is  equal  to  the  fractional  part  of  the  num- 
ber expressing  the  corresponding  specific  gravity.  The  quantity  N  is 
that  specific  gravity  multiplied  by  100.  If  we  find  in  a  table  that  52^ 
B=1.52  sp.  gr.,  then  N=152;  for  if  in  the  equation 

152 

P  — 

152— d 

we  make  d  equal  to  52,  P  will  be  1.52,  and  if  in  the  equation 

144 
p  — 

144— d 
we  make  d=44,  P  will  be  1.44. 

It  is  very  easy  to  do  for  other  areometers  what  we  have  done  for 
Beaume's  pcse  seL  Let  us  take,  in  the  next  place,  Beaumo's  areometer 
for  liquids  lighter  than  water,  which  is  extensively  used  in  this  country 
for  petroleum  products  of  all  kinds.  Beaume  obtained  the  scale  of  this 
instrument  by  calling  0  the  point  of  the  stem  to  uhich  the  areometer 
sinks  in  a  solution  of  10  parts  of  salt  in  90  parts  of  water,  and  10°  the 
point  to  which  it  sinks  in  water.  The  instrument  is  graduated  from  10*^ 
upward. 

To  find  the  value  of  N,  let  us  temporarily  call  0  the  point  to  which 
it  sinks  in  pure  water,  and  10°  the  point  to  which  it  sinks  in  a  solution 
containing  10  p.  c.  of  salt,  whose  specific  gravity  is  1 .07353.  By  formula 
(l)wo  have: 

T^  _  1 .07353  X  10  _  1073530  _  ,  .^  ^ 

0707353  7353"""    "^-^ 

or  140.     As.  in  this  instrument,  the  total  number  of  degrees  below  0 
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inches.    In  the  lactometer  of  the  Board  of  Health,  100**  oocupj  3f ,  or 
^.625  inches ;  then  the  whote  number  of  degrees,  3548,  would  occupy 

^^^^100^^^'^  ^^'^^  ^"^^®^  ^  ^^  ^®®*  ®'^^  inches. 
In  the  areometer  which  I  use  for  testing  sugar  solutions,  C**  Balling, 
divided  into  tenths,  occupy  SJ  inches,  so  the  whole  number  of  degree? 
=  260  must  occupy 

2.5  X  ?5^  =  1  llf  inches  =  9  feet  3.6  inches. 
6  * 

To  find  the  total  length  of  a  specific  gravity  areometer,  we  may  tal- 
culato  the  number  of  degrees  of  an  even  scale  which  correspond  to  two 
points  placed  .a  known  distance  apart,  and  thence  find  the  length  ooriv- 
sponding  to  the  whole  number  of  degrees.  Geisler's  areometer  for 
Ventzke's  sugar  test,  studied  in  this  way,  gives  a  whole  length  of  200 
inches,  or  16f  feet. 

We  have  seen  that  if  we  know  the  specific  gravity  of  a  liquid^  ve 
may  deduct  the  corresponding  degree  of  any  even  scale,  and  vice  vergL 
These  relations  afford  us  a  sure  method  of  verifying  the  correctness  of 
the  graduation  of  any  areometer  of  even  scale,  by  determining  with  ibe 
balance  the  specific  gravity  of  a  liquid,  and  comparing  the  correspondii^ 
4ivision  of  even  scale  with  the  indication  of  the  areometer  under  ob- 
servation. 

Wo  may  also  convert  the  indications  of  any  areometer  of  even  scale 
Into  corresponding  degrees  of  any  other  even  scale.  This  is  donebj 
dividing  the  number  of  degrees  to  bo  converted  by  the  total  number  of 
divisions  of  its  kind,  and  multiplying  this  quotient  by  the  total  number 
of  divisions  of  the  kind  we  require.  If  we  wish  to  know,  for  instaDoe, 
what  degree  Bcaumo  is  equivalent  to  100^  of  the  lactometer  of  the  Boai^ 
of  Health,  we  will  find  that 

^^o^^.i"^  =  4^058  Beaum6. 

Areometers  of  even  scale  have  this  precious  property,  that,  provided 
the  divisions  are  equal  to  one  another,  and  the  caliber  of  the  stem  is 
even,  we  may  obtain  accurate  results  by  their  use,  even  if  the  divisions 
liave  not  the  proper  length,  and  if  the  point  corresponding  to  pure  ird<^ 
has  been  misplaced.  By  determining  the  specific  gravity  corresponding 
to  two  pDints  of  an  even  scale  under  oboervation,  we  may  correct  snf 
indication  of  such  a  scale.  In  American  Chemist  for  October,  18^ 
-(vol  IV,  p.  130),  and  in  Sutjiar  Cane  for  January,  18T4  (vol.  VI,  p.  2^)» 
these  calculations  may  bo  found  at  full  length.* 

*  On  riading  over  tho  corrections  for  oroomctera  of  evon  8ca!e,  in  Anur't^ 
€^Xemi8t  for  Norembpr,  1873, 1  find  that  the  subject  maybe  presented  iu  n  moroBati^ 
foctury  xnaoniT,  ond  more  in  hsrmony  with  the  results  of  this  paper,  as  foUowB: 


15 

In  conclusion  of  this  first  part,  I  will  examine  a  point  which  was 
introduced  at  our  lost  meeting.     We  were  told  that  if  we  refer  the 

To  ascertain  the  correctDesa  of  aa  areometer  of  eren  scale,  we  find  by  compasses 
and  callipera  that  the  divisions  are  equal  to  each  other,  and  that  the  caliber  is  even 
—otherwise  the  instmment  is  not  fit  fur  accurate  work.  If  these  two  points  are 
satisfactory,  we  make  two  solutions,  A  and  6,  of  different  densities,  B  bein<r  the  more 
dense.  A  roust  correspond  to  one  end  of  the  scale,  and  B  to  the  other,  but  both  must 
bo  within  the  scale.  The  temperature  of  the  solutions  should  not  be  yery  different 
from  that  of  the  room,  so  as  to  remain  constant  for  some  time.  The  areometer  to  be 
examined  should  be  placed  successively  In  each  solution ;  let  ua  call  the  two  indica- 
tions a  and  b.  In  the  ne5ct  place,  the  specific  gravity  should  be  taken  by  the  balance, 
which  we  will  call  P  for  A,  and  P'  for  B.  The  degrees  corresponding  to  P  and  P'  are 
calculated  in  the  case  of  the  total  number  of  degrees  N,  and  we  obtain : 

N 

N 

If  a  «-  c  and  6  «-  e,  the  areometer  i)  properly  graduated. 

If  a  is  not  equal  to  e,  and  b  is  not  equal  to  e,  but  still  b  —  a  —  «  —  e,  the  diyisions 
of  the  scale  are  correct,  but  haye  been  misplaced,  the  misplacement  m^-c — a— f — 6, 
m  being  positiye  or  negatiye,  and  it  has  to  be  either  added  to  or  subtracted  from  the 
degree  of  the  areometer  to  effect  the  correction. 

Again,  a  may  be  greater  or  smaller  than  c,  and  b  greater  or  smaller  than  e,  and 
at  the  same  Ume  b  —  a  is  not  equal  to  0  —  e.  In  this  case  the  degrees  themselyes 
haye  not  the  proper  length,  and  we  are  led  to  ask  what  is  N',  the  total  number  of 
degrees  of  the  areometer  under  examination  ?  If  we  call  n'  the  number  of  degrees 
between  e  and  0,  and  n  the  number  between  a  and  6,  we  haye  the  relation 

.    N  "■  n 

whence  N'  = 

n 

When  the  degrees  of  the  scale  haye  not  the  proper  length,  two  cases  may  occur 

r  The  C*  (pure  water,  normal  temperature)  is  in  the  right  place.     2?  The  0*  haa 

been  misplaced.        If  *  _  *  _  ^' 

T""T     N 

the  zero  is  in  its  place ;  and  if  we  call  cT  any  degree  of  the  areometer  under  examin- 
ation, the  correct  degree,  ,      d'  x  }f 

If  the  0  of  the  scale  has  been  misplaced,  the  relation 

iL-A-iL' 

c  "7"  N 

does  not  exist    To  discoyer  the  amount  of  displacement,  we  must  take  either  of  the 

specific  grayities  P  or  P',  and  determine  the  true  degree  corresponding  to  either  o  or 

6,  on  the  base  of  N'  being  the  total  number  of  degrees.    If  we  take  a  and  sp.  gr.  P, 

the  true  degree  N' 

*»  z  =  N-  -  y 

'  The  quantity  z  ~  a  shows  the  displacement  m,  which  is  positiye  if  z  >  a,  or  negatlye 
if  a  >  z,  and  the  true  degree  ,      N  ^  ^  . 
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divisions  of  an  areometer  of  even  scale,  and  the  corresponding  specific 
gravities  —  1  to  rectangular  co-ordinates,  the  law  of  their  relations  is 
expressed  by  a  right  line.  To  those  who  remember  their  analytical 
geometry  it  is  easy  to  show  that  this  is  not  the  case,  for  if  we  take  the 
equation  Pd 


P~l 


=  N, 


which  we  have  had  to  use  repeatedly,  and  in  which  are  comprised  the 
quantities  d  and  P— 1,  and  if  we  multiply  both  terms  by  P — 1  and 
divide  them  by  P,  we  shall  have 

N 

Now  the  equation  of  the  right  line  is  of  the  form  d=m  (P — 1),  in 

N 
which  m  is  a  constant,  while  -rp.  cannot  be  a  constant  as  P  is  variable. 


therefore 


N 
d  =  (P-l)-^ 


cannot  give  a  right  line. 

By  actually  referring  d  and  P— 1  to  perpendicular  co-ordinates,  we 
find  that  the  law  is  expressed  by  a  curve,  which  does  not  diflfer  mate- 
rially from  an  arc  of  a  circle,  which  curve  turns  its  concavity  towards 
the  abscisses.  The  greatest  deviation  from  a  right  line  takes  place  about 
midway  between  the  two  extremes.  This  may  be  illustrated  by  taking 
Beaume's  areometer  from  0  to  50°,  in  which  0°  corresponds  to  P  — 1=0, 
and  50°  to  P  — 1=0.532.  If  the  law  was  a  right  line,  we  would  have 
the  numbers  of  the  second  column,  while  the  actual  numbers  are  those 
in  the  third  column. 


Degrees 
Beaumd. 


10° 
20° 
25° 
30° 
40° 


P  -  1   0.532 
m  = = 

a      50 
m  =  0.01064 


0.1064  (14^ 
0.2128  (25^ 
0.2666  (30' 
0.3192(35°) 
0.4256  (43°) 


P-l=dN 


0.0746 
0.1613 
0  2101 
0.2632 
0.3846 


Difference. 


0.0318 
0.0515 
0.0565 
0.0560 
0.0410 


After  the  values  of  P— 1,  in  the  second  column,  I  have  placed  be- 
tween brackets  the  nearest  whole  number  of  degrees  to  which  they 
correspond. 


HagnlOed  100  DUmgtti 
HVPOXANTHINE    8ILTEB 
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LI. — On  the  Production  of  Maonesiitm  Nitride  bt  Smothered 

Ck)MBU8TI0N   OF   MaONESIUM    IN   AlR. 

By  J.  W.  MALLET. 

The  existence  of  a  nitride  of  magnesium  was  first  noticed  by  Deville 
and  Caron,*  in  connection  with  the  purification  of  the  metal  by  distil- 
lation. 

Brieglich  and  Gentherf  afterwards  obtained  this  compound  by 
passing  ammonia  or  nitrogen  over  strongly  heated  magnesium.  The 
amorphous  mass  produced,  of  greenish-yellow  color,  had  approximately 
the  composition  Mg^N,.  I  have  lately  observed  the  formation  of  the 
same  substance  in  large  quantity  in  the  simple  combustion  of  mag- 
nesium with  limited  access  of  air. 

Using  the  burning  of  a  piece  of  magnesium  ribbon,  as  it  so  often; 
has  been  used,  to  illustrate  to  students  the  fact  that  the  metal  gains  in 
weight  by  oxidation,  I  held  the  coiled-up  ribbon  pretty  well  down  in  a 
porcelain  crucible  to  diminish  the  loss  of  magnesia  in  fume  carried  up- 
by  the  heated  air,  and  fmally  dropped  a  part  of  the  metal,  still  burning,, 
into  the  bottom  of  the  crucible. 

Washing  the  vessel  out  afterwards,  I  noticed  that  water  at  once  pro- 
duced effervescence  and  a  distinct  smell  of  ammonia. 

On  repeating  the  experiment  with  a  larger  piece  of  the  ribbon,, 
placed  at  once  at  the  bottom  of  the  crucible,  the  same  result  was  ob. 
tained,  and  with  far  greater  distinctness  when  magnesium  filings  were: 
used,  the  residue  in  this  latter  case  having  a  well  marked  greenish, 
yellow  color,  and  giving  off  abundance  of  ammonia  on  addition  of 
water  or  a  solution  of  a  caustic  alkali.  When  but  a  few  drops  of  liquid 
are  added,  the  heat  evolved  is  so  great  as  sometimes  to  ignite  a  portion 
of  the  mass,  and  much  of  the  powder  is  scattered  by  the  escaping 
ammonia  and  vapor  of  water. 

The  porcelain  being  attacked,  and  a  dark  brown  film  of  silicon 
formed  upon  it,  1  wished  to  ascertain  whether  this  clement  had  any- 
thing to  do  with  the  absorption  of  the  atmospheric  nitrogen,  and  there- 
fore substituted  an  iron  crucible,  but  without  changing  the  result.  The 
magnesium  used  was  itself  examined,  and  found  free  from  silicon. 

The  chief  part  of  the  metal  burned  is,  of  course,  converted  into  oxide^ 
with  the  production  of  a  temperature  high  enough  to  induce  the  re- 
mainder, when  the  supply  of  oxygen  is  limited,  to  unite  with  nitrogen. 
The  amount  of  nitride  formed,  varies  with  the  manner  in  which  the 
combustion  is  managed.  I  have  found  the  best  result  to  be  obtained 
when  the  crucible,  of  usual  Berlin  porcelain  shape,  is  filled  to  about  one- 


*  Comptes  rendos,  xliv,  394. 
f  Ann.  d.  Cbem.  u.  Pharm.,  cxxiii,  228. 
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'third  its  depth  with  the  filings,  and  heated  gentlj  over  a  lamp,  the  filings 
ignited  at  the  top  by  a  red-hot  iron  wire,  and  from  time  to  time,  but  not 
continuously,  gently  stirred  with  the  wire.  A  peculiar  orange  glow, 
unlike  the  brilliant  light  of  the  magnesium  burning  with  free  supply 
of  air,  and  a  slight  apparent  clotting  together  of  the  filings,  indicate  the 
formation  of  the  nitride. 

To  determine  approximately  how  far  nitrogen  may  thus  be  taken 
up,  I  in  several  instances  weighed  the  metal,  and,  cooling  the  crucible 
rapidly  by  standing  it  upon  an  iron  block,  transferred  its  contents  to  a 
'small  flask,  in  which  was  a  test-tube  of  water  or  a  solution  of  potassium 
^hydrate.  Attaching  a  set  of  absorption  bulbs  with  a  measured  volume 
of  normal  sulphuric  acid,  I  very  gradually  tilted  the  flask  so  as  to  bring 
the  alkaline  liquid  in  contact  with  the  powder,  and,  afler  action  in  the 
cold  was  over,  heated  to  the  boiling  point,  and  drew  air  through  the 
apparatus  with  an  aspirator.  The  unsaturated  acid  in  the  bulbs  was 
determined  with  a  normal  alkaline  solution. 

The  three  experiments  showing  the  largest  absorption  of  nitrogen, 
gave  the  following  results.  A  little  magnesium  was  lost  in  the  fumes, 
but  that,  doubtless,  altogether  in  the  form  of  oxide  : 

Mg.  conTcrted 

into  mtride,pr. 

Mg.  used.    N.H. 3  obtained.  Eqniir.  Mg.gNf  Eqaiv.  Mg.  100pts.BiIg.aid 

No.  1 2.636  grns. . .  .0.292  grns 0.859  grns 0.618  grns 23.5 

No.  2 2.204    "    0.286    "    0.841    "    0.606    "     27.5 

No.  8.... 3.117    "    ....0.366    *'    ....l.OH    "    0.773    "    24.8 

This  mode  of  treating  magnesium  furnishes  a  simple  and  effective 
lecture-table  illustration  of  the  formation  of  a  metallic  nitride,  and  of 
some  of  the  reactions  presented  by  bodies  of  this  class. 

Univkemtt  of  Yiroima,  April,  1877. 


LII. — Proceedings. 
Regular  Meeting,  Thursday,  May  ^d,  18T7. 

The  meeting  was  called  to  order  at  8 :  15  P.  M.  Vice-Prea- 
dent  Chandler  in  the  chair.  The  minutes  of  the  last  meeting  were 
read  and  approved. 

The  following  were  elected  : 

As  members — Thos.  Norton,  Berlin,  Germany;  A.  Penisaat, 
Clermont  Ferrand,  France ;  Jos.  C.  F.  Cheever,  K  Y. ;  J.  U. 
Appleton,  Providence,  R.  I. ;  Chas.  Edgai-  Dwight,  Wheeling. 
W.  Va. ;  T.  O'C.  Sloan,  N.  Y. 
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As  associates — Francis  Forbes,  N.  Y.;  A.  P.  Howard,  Boston, 
Mass. ;  O.  B.  Stillman,  Boston,  Mass. ;  Edward  S.  Ren  wick,  N.  Y. 

The  following  were  proposed : 

As  members — W.  H.  Gregg,  Elmira,  N.  Y. ;  Edgar  F.  Smith, 
Philadelphia. 

As  a^ssociate — General  John  INewton,  N.  Y. 

The  following  papers  were  read : 

1.  On  Areometers.    Part  II.     By  P.  Casamajor. 

2.  On  the  Abnormal  Constituents  of  Blood  in  Leucocyth^mia. 
Bj  Dr.  Chas.  A.  Doremus. 

3.  On  certain  Flame  Reactions  of  Silver.  By  Prof.  M.  B. 
Hardin. 

4.  On  Areometers.  Areometer  of  Resume  for  Liquids  heav- 
ier than  Water.     (1)  By  A.  Bourgougnon. 

Adjourned. 


LIII. — On  Areometers.     Part  II. 

Correction  of  the  Indications  of  Areometers  for  errors  resulting  from 

variations  of  temperature. 

By  r.  CASAMAJOR. 

The  methods  that  I  propose  to  give  for  the  correction  of  the  indica- 
tions of  areometers,  when  observations  are  made  at  temperatures  dif- 
fering from  the  normal,  are  applicable  to  all  liquids,  but,  as  I  am  not  in 
possession  of  accurate  data  relating  to  the  expansion  of  other  liquids 
than  pure  water  and  sugar  solutions,  I  shall  confine  myself  to  these. 
The  application  to  any  other  liquid,  however,  is  equally  easy,  if  we 
possess  sufficient  data  on  its  expansion  by  heat. 

I  propose  to  consider  temperatures  from  5°  to  45®  C.  only,  as  these 
limits  need  never  be  exceeded  in  our  laboratories. 

At  our  December  meeting,  I  gave  the  following  table,  of  which  the 
first  column  contains  the  degrees  Centigrade  from  5°  to  45°  ;  the  num- 
bers of  the  second  column  represent  the  total  absolute  contractions  and 
expansions  of  1  C.  C.  of  water  at  every  degree  of  temperature,  starting 
from  15°  C.  as  a  normal,  and  the  numbers  of  the  third  column  represent 
the  total  relative  expansions  and  contractions  for  the  same  temperatures. 
These  last  numbers  were  obtained  by  subtracting  0.000020,  the  cubic 
expansion  of  glass,  as  many  times  from  the  corresponding  numbers  of 
the  second  column,  as  there  are  units  minus  15,  in  the  number  express- 
ing the  degree  Centigrade.  The  numbers  in  this  third  column  represent 
the  visible  expansion  of  water  in  glass  vessels. 
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Table  No.  1. — ^Total  Expansion  from  15°  C. 


Degree 

Absolute 

Relative 

Degree 

Abaolnte 

KelatiTe 

C. 

Expansion. 

Expansiun. 

C. 

Expansion. 

Ezpansioa 

5° 

0.000878 

0.000612 

25° 

0.002179 

0.001919 

6° 

0.000850 

0.000622 

26° 

0.002445 

0.002159 

7° 

0.000S20 

0.000612 

27° 

0.002717 

0.002405 

8° 

0.000772 

0.000690 

28° 

0.002995 

0.002657 

9° 

0.00070G 

0.000550 

29° 

0.008279 

0.002913 

10° 

0.000622 

0.000492     , 

30° 

0.003569 

0.003171^ 

11° 

0  000524 

0.000420     , 

31° 

0.003869 

0.003453 

12° 

0.000412 

0.000334     i 

32° 

0.004181 

0.003739 

13° 

0.000288 

0.000236     , 

33° 

0.004503 

0.004035 

14° 

0.000150 

0.000124 

34° 

0.004836 

0.004342 

15° 

Normal. 

Normal. 

35° 

0.005180 

0.004660 

1G° 

0.000173 

0.000147     ! 

36° 

0.005533 

0.004987 

17° 

0.000357 

0.000305     1 

37° 

0.005895 

0.005323 

18° 

0.000551 

0.000473 

38° 

0.006265 

0.005667 

10° 

0.0007  5G 

0.000652 

39° 

0.006644 

0.006010 

20° 

0.000971 

0.000841 

40° 

0.007032 

0.006382 

21° 

0.001119 

0.001039     ' 

41° 

0.007428 

0.006752 

22° 

0.001428 

0.001246     i 

42° 

0.007832 

O.OO7130 

23° 

0.001670 

0.001462 

43° 

0.008244 

0.007516 

24° 

0.001920 

0.001686 

44° 

0.008664 

0.007910 

45° 

0.009092 

0.008312 

Referring  again  to  the  paper  read  before  this  Society  in  December. 
I  will  recall  to  your  memory  that  by  drawing  a  series  of  parallel  eqai- 
distant  lines,  intersected  by  another  series  of  similar  lines  perpendicular 
to  the  first ;  by  making  the  space  between  two  vertical  lines  equivalent 
to  1°  Centigrade,  and  the  space  between  two  horizontal  lines  equivalent 
to  0.0001  C.C.,  we  were  able  to  simplify  the  \york  of  correcting  the 
errors  due  to  changes  of  temperature.  We  took  on  every  vertical  line 
a  distance  equivalent  to  the  relative  expansion  corresponding  to  the 
temperature  represented  by  that  line,  and  we  connected  all  the  points 
thus  obtained  by  a  curve.  Afterwards,  by  noting  the  points  at  which 
the  curve  intersects  the  horizontal  lines  representing  0.0005,  0.001, 
0.0015,  0.002,  0,0025,  &c.,  we  were  able  to  find  the  temperatures  co^ 
responding  to  these  expansions  as  follows  : 
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Table  No.  2. 

— 0.0005  corresponds  to    9°.9  Centigrade. 
0.  "  "    lb""  " 


«( 
u 
u 


0.0005  "  "  18^2 

0.00 1  "  "  20^76 

0.0015  "  "  23°.2 

0.002  "  "  25°.3 

0.0025  "  "  27°  .3 

0.003  "  "  29°.4         *♦ 

0.0035  "  "  3r.2 

0.004  "  "  82°.8 

0.0045  "  "  84° .5         " 

0.005  "  "  36*^.1 


u 


0.0055  "  "  37^0 

0.006  "  "  38°.8 

0.0065  "  "  40^4          " 

0.007  "  "  4l°.6         " 

0.0075  "  "  42^9         " 

0.008  *'  **  44°.2 

0.0083  "  "  45°            " 

To  enable  us  to  make  use  of  the  data  contained  in  Tables  No.  1  and 
No.  2,  let  us  examine  what  happens  with  an  areometer  floating  in  a 
liquid,  when  the  density  of  the  liquid  varies  on  account  of  a  change  of 
temperature. 

If  we  suppose  that  the  temperature  increases,  the  liquid  will  expand, 
■and  the  areometer  also,  but  everything  will  take  place  as  if  the  volume 
of  the  areometer  remained  constant,  and  the  expansion  of  the  liquid 
was  equal  to  the  relative  expansion  of  water  in  glass. 

if  we  have  an  areometer  which  indicates  specific  gravities,  and  if  we 
place  it  in  pure  water,  at  the  normal  temperature,  15°  C,  the  instru- 
ment will  sink  to  a  point  marked  1.  If  the  temperature  increases,  the 
specific  gravity  of  the  liquid  diminishes  and  the  areometer  sinks  deeper 
in  the  liquid.  If,  for  instance,  the  temperature  of  the  water  is  85°  C, 
we  will  find  in  the  third  column  of  Table  No.  1  that  at  85°  1  C.C.  be- 
comes 1.00466,  consequently  at  35°,  the  specific  gravity  of  water  is 
y.^jjy  =0.9953.  As,  before  we  have  done  with  this  subject,  we  shall 
have  to  correct  the  errors  due  to  variations  of  temperature  in  the  case 
of  pure  water,  please  to  observe  that,  if  the  temperature  is  35°  C,  and 
the  indication  of  the  areometer  0.9953,  we  will  obtain  the  true  specific 
^gravity  by  multiplying  0.9953  by  1,00466. 

I  may  also  call  to  your  attention  that  the  correction  may  be  more 
easily  made  by  simply  adding  0.00460  to  09953,  which  gives  0.9999d, 
which  is  very  approximately  equal  to  1. 
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If  we  wish  to  make  use  of  Table  No.  2,  let  us  suppose  that  the  tem- 
perature is  80*^.75,  at  which  I  C.C.  becomes  1.001  C.C.  The  specific 
gravity  will  then  be  y.^rW^^-^^^^  (very  approximately  0.999).  In 
this  case  we  may  rectify  this  indication  of  the  areometer  by  multiply- 
ing it  by  1.001.  Please  to  notice,  however,  that  the  correction  is,  as 
above,  more  easily  obtained  by  adding  to  0.999  the  number  0.001. 
placed  opposite  to  20°.75  (0.999+0.001  =  1). 

In  the  same  way,  if  the  temperature  is  44^.2  C,  we  find,  opposite 
to  it,  the  expansion  0.008,  and  the  specific  gravity  of  water  becomes 
J-  y^g^y=  0.99206,  very  approximately  0.992.  We  may  notice,  again, 
that  the  correction  is  easily  made  by  adding  to  0.992,  the  expansion 
0.008  placed  opposite  44.2  C. 

We  may  then  make  use  of  Table  No.  2  by  simply  adding  the  num- 
bers opposite  to  the  temperatures  observed,  to  obtain  the  correct  read- 
ing at  15°  C,  in  the  case  of  pure  water. 

In  the  table  marked  No.  2  we  have  not,  as  in  Table  No.  1,  everr 
degree  of  the  scale,  but  as  the  expansions  corresponding  to  .t|ie  tem- 
peratures in  that  table  only  differ  by  a  quantity  equal  to  0.0005  C.C, 
no  appreciable  error  is  committed  by  taking  the  temperature  in  the 
table  which  comes  nearest  to  the  temperature  observed. 

Let  us  now  take  the  case  of  an  areometer  with  an  even  scale,  and 
examine  what  happens  when  the  liquid  in  which  it  floats  is  submitted  to 
a  change  of  temperature.  If  we  had  an  areometer  which  would  sink  in 
pure  water  at  15°  C,  so  that  the  liquid  displaced  was  equal  to  1  C.C, 
when  the  temperature  of  the  water  increAsed,  it  would  sink  deeper,  the 
extra  volume  of  liquid  displaced  being  equal  to  the  relative  expansion 
at  the  temperature  observed,  as  shown  in  the  third  column  of  Table 
No.  1.  If  the  volume  of  water  displaced  at  15°  was  2  C.C,  the  in- 
creased volume  of  water  to  buoy*up  the  areometer  would  be,  for  any 
temperature,  the  relative  expansion  of  1  C.C.  at  that  temperature 
multiplied  by  -2.  In  more  general  terms,  if  the  volume  of  water  dis- 
placed at  15°  C.  was  N  cubic  centimeters,  the  additional  volume  at  any 
temperature  would  be  the  relative  expansion,  at  that  temperature, 
multiplied  by  N. 

We  have  seen,  however,  that  the  divisions  of  an  even  scale  are  only 
equal  volumes  into  which  the  total  volume  of  the  areometer  is  divided. 
Therefore,  if  we  have  an  areometer  with  a  total  number  of  degrees, 
N,  we  may  obtain  the  correction  in  degrees  at  any  temperature  by 
multiplying  the  total  relative  expansion  at  that  temperature  (Table 
No,  1,  third  column)  by  N,  the  total  number  of  degrees. 

In  the  preceding  remarks,  I  have  always  supposed  that  the  tempera- 
ture observed  was  above  15°  C.  If  the  temperature  is  below  15°,  & 
contraction  takes  place,  which  is  to  be  subtracted. 
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We  may  now  proceed  to  applj  the  principle  I  have  established  to 
the  correction  of  errors  due  to  changes  of  temperature  in  the  case  of 
sugar  solutions. 

In  a  paper,  On  the  Expansion  of  Stigar  Solutions  by  Heat,  published 
in  American  Chemist  for  June,  1874  (vol.  IV,  p.  447),  I  gave  a  detailed 
account  of  the  researches  I  was  obliged  to  make  to  ascertain  the  expan- 
sion of  sugar  solutions  up  to  the  solution  containing  23  p.  c.  of  sugar. 
As  my  object  was  limited  to  solutions'  which  can  be  introduced  directly 
in  the  tube  of  the  saccharometer,  I  did  not,  at  that  time,  go  beyond 
23  p.  c.  of  sugar.  The  extreme  temperatures  were  5°  and  45**  Centi- 
grade. I  took  a  certain  volume  of  liquid  at  5°,  and  ascertained  the 
total  expansion  from  5°  to  45°,  and  afterwards  divided  this  expansion 
by  40,  the  total  number  of  degrees,  aad  by  the  volume  at  5°  in  cubic 
centimeters,  the  result  being  the  mean  expansion  of  1  C.C.  for  every 
degree  between  these  limits  of  temperature.  The  expansion  of  pure 
water  was  ascertained  in  this  way,  also  that  of  sugar  solutions  contain- 
ing 11^  p.  c.  and  23  p.  c  of  sugar. 

The  mean  relative  expansion  of  I  C.C.  of  water  for  every  degree 
Centigrade  between  5°  and  45°  was  found  to  be  0.00021 ;  *  that  of  the 
solution  containing  23  p.  c.  of  sugar  was  0.00023,  and  the  solution  con- 
taining Hip.  c,  instead  of  giving  the  average  0.00022,  gave  repeatedly 
0.000215.  As  this  latter  number  did  not  depart  very  sensibly  from  the 
average,  I  had  a  right  to  conclude  that  the  intermediate  numbers  fol- 
lowed materially  the  same  laws  as  the  extremes. 

To  apply  the  expansion  0.000'21  to  the  areometer  which  I  use  for 
testing  sugar  solutions,  we  must  remember  that  we  found  for  this 
areometer  N=260;  therefore  the  average  expansion  for  an  increase  of 
1°  C.  is  260X0.00021=0.0546  degree. 

If  we  place  the  same  areometer  in  a  solution  23°  Balling,  the  sub- 
merged portion  is  260°— 23° =237  degrees  Balling,  and  the  average  ex- 
pansion in  this  case  18  237x0.00023=0.0545.  As  we  have  admitted 
that  the  intermediate  solutions  follow  materially  the  same  laws  as  the 
extremes,  we  arrive  at  this  remarkable  result :  that  the  mean  correction 
for  variation  of  temperature  is  the  same  for  sugar  solutions  up  to  23  p,  c. 
of  sugar  as  for  water.  Now,  if  we  remember  that  the  graduation  of  a 
Balling  areometer  increases  downward,  so  that  the  deeper  the  instru- 


*  For  the  sake  of  comparison  we  may  add  the  total  relative  expansion  from  15* 
to  46«»  (0.008812)  to  the  total  relative  contraction  from  16*>  to  5*"  (0.000612),  as  found 
in  the  third  column  of  Table  No.  1,  and  divide  the  sum.  0.008924,  by  40,  which 
gives  0.000228.  This  number  is  very  nearly  the  same  as  the  ono  I  foimd  directly. 
If  we  consider  the  series  of  operations  by  which  the  numbers  0.008312  and  0.000612 
were  obtained,  as  explained  in  the  paper  read  before  this  Society  in  December,  the 
coincidence,  or  quoMi  coincidence,  is  certainly  satisfactory. 
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ment  sinks  the  less  is  the  degree  indicated ;  and  if  we  admit  that  the 
expansion  from  degree  to  degree  is  0°.0545,  we  may  see  that  the  indi< 
cation  at  any  temperature  may  be  restored  to  that  corresponding  to  the 
normal  by  adding  0.0545  as  many  times  to  the  observed  indication  as 
there  are  degrees  between  the  obserTed  temperature  and  the  normal. 

If  15°  is  the  normal,  at  16°  we  would  have  to  add  0°.O545,  at  17' 
OM09,  at  18°  0°.163,  <Scc.  Between  12°  and  27°  C,  to  which  I  always 
brought  the  temperature  of  my  solutions,  the  error  committed  by  tak- 
ing a  uniform  expansion  does  not  exceed  0°.087. 

I  have,  however,  more  recently  calculated  the  expansion  of  water 
for  every  degree  C.  Taking  15°  C.  as  a  normal,  the  numbers  of  the 
following  table,  No.  3,  were  obtained  by  multiplying  the  relative  ex- 
pansions as  given  in  the  third  column  of  Table  No.  1  by  260.  Table 
No.  4  b  calculated  by  taking  17^°  C.  as  a  normal,  to  be  used  for  areo- 
meters made  in  Germany,  as  these  are  based  on  17^  C.  (14°  R.) 


Table  No.  3. — Corrkctions  of  Ballino*8  Arxometbr. 

(Normal  Temperature  15°  C.) 


Degree 

Correctioii  of 

Degree 

Correction  of 

Degree 

CorrectioDof 

Centigrade. 

the  Areometer. 

Centigrade. 

the  Areometer. 

Centigrade. 

the  Areometer. 

5° 

0.159 

19° 

0.169 

33° 

1.049 

6° 

0.161 

20° 

0.218 

34° 

1.128 

7° 

0.159 

21° 

0.269 

36° 

1.212 

8° 

0.153 

22° 

0323 

36° 

1.297 

9° 

0.143 

23° 

0.380 

37° 

1.384 

10° 

0.127 

24° 

0.438 

1       38° 

1.473 

11° 

0.109       i 

25° 

0.506 

39° 

1.570 

12° 

0.086 

26° 

0.567 

40° 

1.659 

13° 

0.062 

27° 

0.631 

:    41° 

1.756 

14° 

0.032 

28° 

0.697 

1       42° 

1.854 

15° 

Normal. 

29° 

0.764 

43° 

1.954 

1«° 

0.038 

30° 

0.83ii 

44° 

2.054 

17° 

0.079 

31° 

0.898 

45° 

2.158 

18° 

1 

0.123 

32° 

0.972 

1 

1 
1 
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Tablb  No.  4. — Corrbotiovs  ow  Balling's  Arbombtbr. 
(Normal  Temperature  17^*'  C.) 


Degree 

Correction  of 

1 

Degree 

Correction  of 

Degree 

Correction  of 

Centigrade. 

Areometer. 

Centigrade. 

Areometer. 

Centigrade. 

Areometer. 

5i° 

0.262 

19i° 

0083 

33^* 

0.983 

6i° 

0.263 

20i° 

0.143 

34^° 

1.037 

7^ 

0.261 

2li° 

0.193 

35i° 

1.120 

8i° 

0.262 

22^° 

0250 

36i° 

1204 

94° 

0.243 

28*° 

0.308 

37i° 

1 

1.344 

10i° 

0.228 

24^° 

0.367 

38.i° 

1381 

lli° 

0.208 

254° 

0.428 

39° 

1.473 

12i° 

0.183 

26i° 

0.492 

40i° 

1.573 

13i° 

0.157 

27^° 

0.557 

41i° 

1.664 

14^° 

0.110 

28  .J° 

0.622 

42i° 

1.762 

isr 

0.076 

29i° 

0.700 

43i° 

1862 

J6i° 

0.040 

30i° 

0.765 

44^° 

1.964 

J7i° 

Normal. 

3H° 

0.832 

45i° 

2.079 

18i° 

0.045 

32i° 

0.907 

To  make  use  of  either  of  these  tables,  we  place  a  Balling's  areo- 
meter in  a  sugar  solution,  and  note  the  degree  and  tenth  of  degree  in- 
dicated, and  afterwards  place  in  the  same  solution  a  thermometer,  and 
note  the  temperature.  Opposite  to  the  temperature  observed,  we  find 
the  number  to  be  added  to  the  indication  of  the  areometer,  if  above 
the  normal,  or  to  be  subtracted,  if  below. 

If  we  take  15°  C.  as  a  normal,  and  the  areometer  gives  12°.8,  while 
the  thermometer  shows  20°,  the  correction  in  Table  No.  3  is  0.218, 
which  is  added  to  12.8,  giving  13.018. 

We  may,  however,  correct  the  indication  of  the  Balling  areometer 
in  a  simpler  and  quicker  way  by  using  a  method  entirely  analogous  to 
that  which  I  gave  for  volumetric  analysis  in  the  paper  read  before  this 
Society  in  December. 

This  consists  in  erecting  a  series  of  vertical  equidistant  lines,  the 
space  between  two  of  which  corresponds  to  1°  C,  and  intersecting 
these  lines  by  a  series  of  equidistant  lines  perpendicular  to  the  first, 
the  distances  between  two.  of  which  we  may  make  equivalent  to  0°.01 
Balling.  We  may  then,  adopting  either  15°  or  17^°  C.  as  a  normal, 
take  on  every  vertical  line  a  distance  corresponding  to  the  hundredths 
of  a  degree,  as  found  in  the  second  column  of  Table  No.  3  or  No.  4, 
and  afterwards  connect  the  points  thus  obtained  by  a  curve.  By  find- 
ing the  points  at  which  this  curve  intersects  the  horizontal  lines  cor- 
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responding  to  0.1,  0.2,  dsc.,  of  a  degree,  and  noting  the  temperatures  at 
these  intersections,  we  form  Table  No.  5  for  15°  C.  as  a  normal,  and 
Table  No.  0  for  17^°  C.  as  normal.  We  may  notice  that,  in  Table 
No.  5,  the  correction  +0°.l  happens  at  17^°  C,  so  that  Table  No.  6  is 
easily  obtained  by  subtracting  0.1  from  the  indications  of  the  preceding 
table. 

Table  No.  5.  Table  No.  6. 


Degree 

Degree  Balling 

1 

Degree 

1 

Degree  BaO'tng 

Centigrade. 

to  be  added. 

[      Ceotigrade. 

1 

to  be  added. 

9°.5 

--   -            1 
—0.15 

1 

9°.5 

—0.25 

11°.8 

—0.1 

11°.8 

—0.2 

15°. 

Normal. 

15°. 

0.1 

17°.6 

O.l 

17°.5 

Normal. 

19°.7 

0.2 

19°.7 

0.1 

2l°.6 

0.3 

2l°.6 

0.2 

23°.4 

0.4 

23°.4 

0.:l 

25°.2 

0.5 

1 

25°.2 

0.4 

20°.7 

0.6 

1 

1 

2«°.7 

0.5 

28°.2 

0.7 

1 

1 

28°  2 

O.G 

29°.5 

0.8 

1 

29°.5 

0.7 

31°. 

0.9 

1 
1 

31°. 

0.8 

32°.5 

1. 

1 

32°.5 

0.1> 

34°. 

1.1 

1 

34°. 

1. 

35°. 

1.2 

35°. 

1.1 

3«°.4 

1.3 

36°.4 

1.2 

37°. 7 

1.4 

37°.7 

1.3 

3S°.8 

1.5 

38°.8 

1.4 

40°. 

1.6 

40°. 

1.5 

40°.7 

1.7 

40°.  7 

l.« 

41°.8 

18 

4l°.8 

1.7 

43°. 

1.9 

1 

43°. 

1.8 

44°. 

2. 

44°. 

1.9 

45°. 

2.1 

45°. 

2. 

We  may,  instead  of  either  of  these  tables,  use  a  thermometer  with 
an  ivory  scale,  having,  on  one  side  of  the  mercury  column,  the  degrees 
C,  and,  on  the  other  side,  the  numbers  in  the  second  column  of  cither 
Table  No.  5  or  Table  No.  6,  exactly  as  for  the  thermometer  which  I 
described  in  detail  in  the  paper  read  before  this  Society  in  December. 

If,  instead  of  the  areometer  giving  the  percentage  of  sugar,  we  wish 
to  use  one  giving  the  specific  gravities,  we  must  remember. that,  in  the 
case  of  water,  we  may  use  Table  No.  2  by  simply  adding  the  numbers 
opposite  to  the  temperatures  observed  to  obtain  the  correct  reading  at 
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the  normal  temperatare.  We  have  shown,  besides,  that  for  Balling's 
areometer  the  correction  of  temperature  is  the  same  for  all  sugar  solutions 
vp  to  23  p,  c.  of  sugar  as  for  water.  Therefore  for  any  sugar  solution, 
up  to  sp.  gr.  l.l,  we  have  merely  to  add  the  numbers  opposite  to  the 
temperatures  observed,  as  found  in  Table  No.  2,  to  restore  the  indica- 
tion of  the  areometer  to  the  specific  gravity  at  15°  C. 

If,  as  it  is  usual  in  Germany,  we  take  174-°  C.  as  a  normal,  wc  may 
use  the  following  table,  No.  7. 

Tablk  No.  7. 


De^^ree 

Qoantity  to  add 

Degree 

Quantity  in  add 

Centi^aJe. 

to  ep.  gr. 

Centigrade. 

to  8p.  gr. 

7°.5 

— O.OOl 

34°  .7 

0.004 

13°. 

—0.0005 

86°.2 

0.0045 

17°.5 

0. 

87°.4 

0.005 

20°.2 

0.0005 

sr. 

0.0055 

23°. 

O.OOl 

40°.5 

0.006 

26°. 

0.0015 

42°. 

0.0065 

27°. 

C.002 

43°.4 

0.007 

29°. 

0.0025 

44°.2 

0.0075 

31°. 

0  003 

46°. 

0.008 

82°.5 

0.0035 

As  in  previous  cases,  we  may,  instead  of  using  the  Tables  No.  :^ 
and  No.  7,  write  the  corrections  directly  on  the  ivory  scale  of  a  thermo- 
meter  on  one  side  of  the  column  of  mercury,  opposite  to  the  corre^ 
spending  temperatures  on  the  other  side. 

In  describing  the  methods  that  I  have  given  for  correcting  the  errors 
in  the  indications  of  areometers  in  the  case  of  sugar  solutions  up  to  tlie 
solution  holding  23  p.  c.  of  sugar,  I  have  proved  that  the  total  correc- 
tionfor  expansion  is  the  same  as  for  pure  water  from  5°  to  45°  C,  but 
I  have  not  afforded  any  proof  that  sugar  solutions  vary  in  expansion 
from  degree  to  degree  in  a  manner  exactly  parallel  to  the  expansion  of 
\eater,  although  I  have  assumed  that  such  is  the  case.  I  can  say,  how- 
ever, that  I  have  the  best  of  reasons  for  knowing  that  no  appreciable 
error  is  committed  by  this  assumption,  for,  by  making  a  great  number 
of  tests  of  the  same  sugar  at  different  temperatures  and  at  different  de- 
grees of  dilution,  I  have  repeatedly  obtained  the  same  coefficient  of 
purity  within  less  than  ^  p.  c.  As  such  facts  have  presented  themselves 
hundreds  of  times  in  my  practice,  I  have  no  hesitation  in  recommending 
the  method  1  have  given  for  solutions  within  the  limits  mentioned. 
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This  conclusion  is  confirmed  by  what  happens  when  a  solution  con- 
taining 11^  p.  c.  or  23  p.  c.  of  sugar  is  placed  in  a  dilatometer  aod 
cooled  down  to  5°  C,  and  afterwards  the  dilatometer  is  placed  in  a 
water  bath  kept  at  45°  0.  The  volume  of  the  solution  increases  at  fir^ 
very  slowly,  but  gradually  the  rate  of  increase,  for  equal  spaces  of  time, 
becomes  greater,  and,  towards  the  end,  the  increase  of  volume  is  very 
rapid.  As  the  rate  at  which  the  temperature  of  the  solution  increases 
IS  proportional  to  the  excess  of  the  temperature  of  the  bath  over  tbit 
of  the  contents  of  the  dilatometer,  the  rate  of  increase  of  temperature 
is  greater  at  first  than  towards  the  end.  This  circumstance  renders  the 
increase  of  the  rate  of  expansion  towards  the  end  more  remarkable, 
and  shows  that  the  law  of  expansion  for  these  sug^r  solutions  is  verj 
nearly  the  sume  as  for  water. 

As  to  thicker  sugar  solutions,  I  have  lately  determined  the  ex- 
pansion of  the  solution  of  specific  gravity  1.192  (23^.2  Beaume),  and 
that  of  the  solution  of  specific  gravity  1.3116  (34^.2  Beaume),  between 
5®  and  45°  C,  which  are  given  in  the  table  below.  To  compare  the 
corrections  to  be  made  with  areometers  of  even  scales,  in  the  case  of 
these  expansions,  with  the  corrections  in  the  case  of  solutions  contain- 
ing 23  p.  c.  of  sugar  or  less,  I  have  expressed  the  densities  of  all  these 
solutions  in  Beaumo  degrees,  as  Beaume's  areometer,  in  which  N=144 
is  commonly  used  for  sugar  solutions  of  all  kinds,  while  the  areometer 
in  which  N=260  is  only  suitable  for  weak  solutions,  as  I  have  already 
explained.* 


Degree 
Beaum^. 

Averaee  expansion 

of  1  C.C.  between 

6"  and  45"  C. 

Number  of 

areometer  degrees 

submerged. 

Correction- 
Product  of  2d  by 
8d  oolomo. 

0^ 

13°  (23%  Sugar). 
23^2 
34°.2 

0.00021 
0.00023 
0.00028J 
0.000328 

144 
131 
120.8 
109.8 

0.03024 
0.03013 
0.03473 
0.03601 

We  may  see  in  this  table  that  at  0  and  13''  Beaume  the  correction 
is  materially  the  same  as  I  have  shown  for  the  areometer  in  whic^ 
N=2150. 

In  the  case  of  thicker  solutions,  up  to  34^  Beaume,  we  may  also  see 
that  the  corrections  are  represented  by  larger  numbers,  and  we  wc 
naturally  led  to  inquire  whether  for  such  solutions  we  may  still  correct 


»  Part  first. 
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the  indications  of  areometers  by  using  the  tables  I  have  given  this  even- 
ing without  incurring  the  risk  of  committing  serious  errors. 

As  the  error  committed  would  be  the  greatest  with  a  solution  of 
34^.2  Beaume,  we  may  find  the  maximum  error  by  calculating  on  the 
base  of  a  mean  correction  for  every  degree  Centigrade =0°. 03601,  and 
supposing  that  the  observation  is  taken  at  45^  C.  The  total  correction 
in  this  case  is  0°.03601  x  30=1°.083,  while,  if  the  mean  correction  for 
every  degree  C.  is  0"*. 0302,  the  total  correction  is  0.0302  x  30=. 900  ; 
the  difference,  0.177,  is  the  maximum  error  we  may  commit  by  using 
the  table  I  have  given.  For  thinner  solutions  and  for  lower  tempera- 
tures the  error  would  be  less. 

In  the  case  of  sugar  solutions  having  23  p.  c.  of  sugar  or  less,  I  have 
given  my  reasons  for  thinking  that  their  laws  of  expansion  are  similar 
to  those  of  pure  water.  I  may  add  that  solutions  of  density  equal  ta 
23^.2  Beaume  and  34°.2  Beaumd  show  the  same  peculiarity  in  the  dila- 
tometer  of  greater  expansion  for  equal  spaces  of  time  as  the  tempera- 
ture increases. 


LIV. — Abnormal  Constituents  op  the  Blood  due  to  Leucoctthemia. 

Bt  C.  a.  DOREMUS,  Ph.  D. 

About  a  year  ago  Prof.  E.  G.  Janeway  called  my  attention  to  the 
facts  regarding  the  presence  of  hypoxanthine  in  the  urine  of  persons 
suffering  from  splenic  leucocythemia;  and  requested  me  to  examine  a 
sample  of  urine.  The  urine  was  subjected  to  analysis,  but  from  the 
small  quantity  at  my  disposal  I  was  unable  to  get  the  reactions  of  hy- 
poxanthine. Neubauer  and  Vogel  *  recommend  the  employment  of 
from  40  to  50  litres  for  the  detection  of  xanthine  (normally  present  in 
the  urine),  and  Salkowski  f  advises  10  to  15  litres  of  abnormal  urine  as 
necessary  for  an  investigation. 

Shortly  after  this,  Prof.  Janeway  gave  me  a  sample  of  blood  taken 
from  the  vena  cava  descendens  of  a  man  (set.  21)  less  than  24  hours 
post  mortem.  The  pathological  history  of  the  case  is  given  in  the  Med- 
ical Record,  Nos.  286  and  287  of  1876.  The  case  was  one  of  true  splenic 
leucocythemia. 

The  blood,  when  I  received  it,  was  watery,  its  reaction  slightly  acid, 
sp.  gr.  at  62°  F.  1.035,  and  measured  95  c.c.  Its  microscopic  appear- 
ance was  characteristic  of  the  diseased  condition.  The  ratio  of  the 
white   to   red  corpuscles,  was  about   1 : 3  or   1:5,      Prof.  Janeway 


*  Neubauer  and  Vogel,  Hamanalyu,  1876,  p.  26. 

f  Salkowski,  Virchow's  Archiv,  B.  60,  p.  1 74.  Although  Salkowski  worked  with 
large  qaantitics  of  urine,  he  found  no  hypoxanthine,  but  a  body  having  some  of  its 
reactions. 
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estimated  1 : 4,  and  detected  also  various  forms  of  white  oorpuacles. 
The  spectroscopic  examination  showed  the  ahsorption  bands  of  oxy- 
haemoglobin,  but  nothing  further.  Analyses'  of  leukhcemic  blood  bj 
Scherer  and  Strecker  show  that  the  amount  of  iron  is  diminished  about 
one-half,  from  0.5321  pro  mille  (Pelouse)  to  0.29S  Scherer,  or  O.S42 
Strecker.  * 

In  testing  for  abnormal  chemical  compounds,  it  was  all  important 
to  select  a  method  of  analysis  by  means  of  which  the  different  constit- 
uents could  be  accurately  determined.  Careful  comparison  of  seyeral 
authorities,  supplemented  by  experiments,  pointed  to  that  of  Dr.  £1 
Salkowski  *  as  the  most  reliable. 

His  researches  on  the  presence  of  the  various  abnormal  bodies,  botii 
in  the  urine  and  blood,  made  in  1870,  were  so  carefully  worked  out  and 
described  that  they  commended  themselves  immediately  as  trustworthy. 
In  making  this  investigation,  I  have  found  the  details  he  gives  corrob- 
orated at  almost  every  step. 

90  c.c.  of  the  blood  in  question  were  diluted  with  hot  water,  and 
then  brought  to  the  boiling  point  on  a  water  bath,  and  finally  over  a 
flame.  A  copious  coagulate  formed.  This  was  separated  by  filtration 
and  pressed.  The  filtrate  was  not  quite  clear,  but  remained  slightly  opa- 
lescent, and  owing  to  the  partial  disintegration  of  the  blood  corpuscle9 
from  incipient  decomposition  before  the  analysis  was  begun,  it  ivas  of  a 
light  brown  color.  This  color  may  have  been  due  in  part  to  the  incom- 
plete or  tardy  coagulation ;  it  would  seem  best  therefore  to  bring  the 
liquid  speedily  to  a  boil.  The  frltrate  was  evaporated,  and  the  films 
that  formed  removed  once  or  twice  by  filtration.  A  clear,  light  brown 
liquid  was  at  last  obtained,  which  was  allowed  to  stand  over  strong 
sulphuric  acid  for  several  days.  No  crystals  appeared  except  toward 
the  last,  when  cross  or  dagger  shaped  crystals  showed  themselves  on 
the  top  edge  of  the  mass,  for  the  liquid  had  solidified  to  such  an  extent 
that  the  dish  could  be  inverted  without  its  falling  out. 

Strong,  nearly  absolute,  alcohol  was  then  poured  on  in  quantity.  A 
precipitate  formed  at  once ;  it  was  filtered  off,  washed  with  alcohol,  then 
dried.  The  residue  weighed  1.043  grains.  It  was  moistened  with  cold 
water,  more  water  was  added,  and  the  whole  heated  on  the  water  bath, 
It  dissolved  with  the  exception  of  one  or  two  flocculi.  The  solution 
was  filtered  and  the  filter  washed.  The  liquor  was  of  a  clear  brown 
color,  and  when  evaporated  over  sulphuric  acid  lefl  a  residue  of  0.7457 
grains  weight,  or  0.8  per  cent,  of  the  blood. 

This  residue  proved  to  be  a  body  closely  resembling,  if  not  ident> 
ical  with  glutin. 

•  Opus  cit 
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It  was  insoluble  in  cold  water  and  in  alcohol,  but  was  readilj  dis- 
solved in  warm  water,  and  gelatinized  on  cooling.  It  gave  no  precip- 
itate with  potassium  ferrocyanide  in  an  acetic  acid  solution.  Herein  it 
differs  from  that  found  by  Salkowski  which  gave  a  turbidity,  and  from 
that  found  by  Gorup-Besanez,*  which  did  precipitate  with  these  re- 
agents. 

It  was  precipitated  by  mercuric  chloride,  and  by  tannic  acid.  With 
lead  acetate  it  agreed  with  that  found  by  both  Salkowski  and  Gorup- 
Besanez  in  giving  a  copious  white  precipitate,  and  thus  differing  marked- 
ly from  pure  glutin.  I  made  repeated  attempts  to  get  a  determination 
of  its  action  on  polarized  light,  but  the  solution,  even  when  just  filtered, 
^was  so  opalescent  that  the  light  would  not  traverse  it.  Dilution  with 
mrater,  or  treatment  by  fixed  alkali  did  not  remedy  the  matter.  I  have 
reserved  a  part  for  further  testing. 

The  filtrate  from  the  precipitated  glutin  was  nearly  clear — on  evap- 
oration of  the  alcohol  perfectly  so — and  of  a  light  yellow  color.  On 
standing  it  deposited  the  same  dagger  shaped  crystals  as  before,  and 
afterwards  cubes  of  chlorides,  as  determined  by  the  crystalline  form, 
flame  reaction,  and  reaction  with  silver  nitrate.  Whether  the  potas- 
sium of  the  blood  is  replaced  even  in  part  by  sodium  I  did  not  deter- 
mine. To  be  sure  of  removing  all  glutin,  this  evaporated  liquid  was 
again  treated  with  alcohol,  boiled  with  it,  filtered  and  set  aside.  Some 
time  elapsed  before  its  analysis  was  resumed. 

A  question  now  arose  how  to  test  for  hypoxanthine,  the  body  I 
was  primarily  in  search  of.     In  consequence  of  the  many  contradictory 
statements  in  the  books,  only  one  way  was  open  to   me,  that  of  pre- 
paring some  of  the  remarkable  body,  which  was  accomplished  by  fol- 
lowing Neubauer's  f  method  of  obtaining  it  from  Liebig's  extract.    This 
part  of  the  work  proved  very  tedious,  owing  to  the  length  of  time  re- 
quired to  evaporate  the  solutions  at  low  temperature,  but  I  was  re- 
warded by  obtaining  a  goodly  quantity  of  hypoxanthine  and  some 
xanthine.     I  was  moreover  made  conversant,  from  these  experiments, 
with  the  deportment  of  the  substances  I  was  in  seardi  of,  and  enabled 
to  recognize  them  in  small  quantities.     As  Salkowski  throws  a  doubt, 
in  his  memoir,  on  all  previous  determinations  of  hypoxanthine,  I  was 
anxious  to  satisfy  myself  thoroughly  on  the  points  wherein  he  differed 
from  other  investigators,  but  1  might  have  spared  myself  the  trouble  as  to 
this,  since  his  statements  were  fully  verified  by  the  reactions  obtained. 
The  solution,  containing  the  suspected  bodies,  hod  not  changed  by 
the  long  standing,  at  least  not  outwardly.     When  diluted  with  water  it 
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became  slightly  turbid,  but  yielded  a  clear  filtrate.  Ammoniom  hy- 
drate was  added,  and  then  ammoniated  silver  nitrate.  An  abundant 
brown  fiocculent  precipitate  formed.  This  was  filtered  oflT,  -w^ashed,  and 
dissolved  in  boiling  nitric  acid  1.1  sp.  gr.  On  cooling,  the  characteristic 
prismatic  crystals  of  hypoxanthine  silver  nitrate  were  deposited.  Some 
of  these  I  show  you  as  a  microscopic  specimen ;  and,  through  the  kind- 
ness of  Prof.  J.  W.  S.  Arnold,  some  microphotogrt^hs  of  them.  The 
resemblance  of  the  crystals  obtained  from  the  blood  and  those  from  Lie- 
big's  extract  can  be  readily  traced. 

The  crystals  were  redissolved  in  acid,  and  reprecipitated  by  ammo- 
nium hydrate  as  the  fiocculent  mass  first  referred  to.  Afler  suspension 
in  water,  this  was  decomposed  by  sulphureted  hydrogen,  and  the  liquid 
filtered  from  the  silver  sulphide  evaporated  to  dryness.  The  micro- 
scope showed  the  presence  of  crystals  of  hypoxanthine  nitrate,  f  have 
also  a  specimen  of  these,  and  a  photograph.  Placed  on  a  porcelain 
cover  and  moistened  with  nitric  acid,  this  nitrate  became  slightly  yel- 
low on  heating,  and  on  applying  sodium  hydrate,  turned  but  a  shade 
darker.  The  substance  therefore  was  hypoxanthine,  and  was  free  from 
xanthine,  uric  acid  and  guanine.  From  the  very  small  quantity  re- 
maining I  was  deterred  from  making  further  tests,  especially  as  the  most 
characteristic  had  resulted  favorably. 

The  ammoniacal  solution  from  which  the  hypoxanthine  had  first 
been  precipitated  was  treated  with  sulphuric  acid  to  strong  acid  reac- 
tion. Filtered  from  the  precipitated  silver  chloride,  it  was  distilled  to 
half  its  volume.  The  distillate  was  evaporated  to  dryness  with  sodium 
carbonate,  and  the  residue  extracted  with  absolute  alcohol.  No  formic 
acid  was  found,  and  yet  I  am  not  surprised,  since  the  quantity  of  blood 
taken  for  analysis  was  so  small.  From  the  reaction  with  ferric  chlo- 
ride, I  should  say  acetic  acid  was  present  in  small  quantities.  The  res- 
idue in  the  retort  was  shaken  many  times  with  ether,  mixed  with  a  littie 
alcohol,  the  ether  evaporated,  and  the  acid  residue  diluted  with  water, 
boiled  with  zinc  carbonate,  and  filtered.  Crystals  of  zinc  lactate  were 
plainly  seen  on  the  solution  cooling.  They  were  separated  from  the 
liquid,  dissolved  in  boiling  water,  and  the  zinc  precipitated  by  sulphu- 
reted hydrogen,  and  the  solution  filtered  and  evaporated.  The  zinc 
had  however  remained  in  part,  and  instead  of  obtaining  free  lactic  acid, 
very  perfect  crystals  of  zinc  lactate  separated  on  standing.  The  forms 
of  the  crystals  can  be  seen  from  the  specimen  and  its  photographs. 

In  the  course  of  the  analysis,  I  sought  for  any  uric  acid  that  might 
be  present  with  the  hypoxanthine,  but  failed  to  find  any. 

It  may  appear  to  some  that  the  description  of  the  process  of 
analysis  is  superfluous.  From  one  standpoint  such  might,  at  first 
thought,  seem  to  be  the  case,  but  in  physiological  chemistry,  as  yet, 
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thel^e  are  few  positive  rules,  and  it  seems  to  me  that  in  giving  an  ao^ 
count  of  the  deportment  of  the  various  solutions  and  precipitates,  th& 
results  obtained  can  be  more  fairly  criticised,  and  any  errors  I  may 
have  committed  rectified,  than  if  the  simple  conclusions  only  had  beea 
stated. 

We  are  indebted  to  Scherer  for  the  discovery  of  the  near  relation- 
ship of  the  abnormal  constituents  of  the  blood  to  the  extractive  mat- 
ters obtained  from  the  spleen.  Since  his  analysis,  others  have  been 
made,  and  up  to  the  present  I  have  been  able  to  find  the  record  of  six. 

The  results  may  be  summarized  thus : 

Subttanee,  Kumher  of  time%  found,  Tettedfor, 

Glutin-like  substance,  .     4 

Formic  acid,  ...  6 
Lactic  acid,*       .        .         .5 

Acetic  acid,     ...         2  4  times. 

Propionic  acid,   .        •         .     1  (?) 
Leucin,  ...         2 

Tyrosin,  ....  1 
Uric  acid,  ...  3 
Hypoxanthine,f  .         .     2 

The  blood  under  consideration  contained  the  glutin-like  substance, 
lactic  acid,  hypoxanthine  and  acetic  acid  (?).  Uric  and  formic  acids 
were  not  detected.  The  other  substances  (leucin,  dec),  which  might 
possibly  have  been  present,  were  not  sought  for,  on  account  of  the 
small  amount  of  material  at  hand. 

From  these  facts  it  would  seem,  then,  that  pathologically  hypox- 
anthine is  the  most  important  abnormal  constituent,  since  late  investi- 
gations have  shown  especially  that  normal  blood  does  not  contain  it, 
while  a  field  still  remains  open  to  determine  the  exact  nature  of  the  ni- 
trogenized  element  that  has  so  constantly  appeared  as  a  companion  to 
leucocythemia. 


LV. — On  certain  Flame  Reactions  op  Silver. 

BY  M.  B.  HARDIN. 

In  the  latter  part  of  December,  1875,  while  passing  around  the 
laboratory,  I  observed  that  a  number  of  the  students,  who  were  at  the 
time  engaged  in  analysis  by  Bunsen's  flame  reactions,  had  upon  their 
porcelain  basins,  films  of  unusual  appearance  and  singular  beauty.  Upon 


*  Considered  by  eome  as  a  normal  constituent. 

f  By  Salkowski  and  Oorup-Besanez,  thongh  it  may  have  possibly  been  fo"nd  in 
the  other  cases  also. 
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mentioning'  the  matter  to  the  lahoratofj  instructor,  adjunct  pro(e 
J.  H.  Morrison,  he  stated  that  the  substanoe  given  out  for  ezaminatioii 
was  silver  nitrate,  that  the  students  had  been  unable  to  ideBtify  the 
films,  that  the  reactions  had  been  first  obtained  by  Mr.  A.  M.  Pajne  of 
the  2d  class,  and  that  he  had  himself  repeated  the  experiments  with 
similar  results. 

As  it  seemed  important  to  determine  the  nature  of  these  inemsta- 
tions,  and  to  ascertain  whether  silver  and  its  compounds  generallj, 
would  yield  such  films,  I  made  a  series  of  experiments,  with  the  follow* 
ing  results.  The  nitrate,  chloride,  and  sulphide  of  silver,  and  the  metal 
itself,  were  successively  tried,  and  films  were  readily  obtained  in  each 
case.  The  reactions  occurred  not  only  with  the  flame  of  the  petroleum 
gas  in  ordinary  use  here,  but  also  when  a  jet  of  purified  hydrog^en  or 
•  a  flame  of  an -alcohol  lamp  was  employed,  though  in  the  last  instance 
the  films  were  &int  and  not  well  defined. 

The  general  character  of  the  films  was  the  same,  no  matter  whether 
an  asbestos  thread  or  a  platinum  wire  was  used  as  the  |Upport. 

It  was  found  wholly  unnecessary  to  have  water  in  the  basin,  though 
the  films  obtained  in  the  two  cases  diflfered  in  some  respects  from  eadi 
other. 

The  JUms  formed  upon  a  basin  filled  with  cool  water  were  first  exam- 
ined. 

Those  obtained  just  above  the  upper  rdducing  flame  were  yellow — 
orange  to  brown  in  thick  parts.  When  a  comparatively  thick  incrusta- 
tion was  procured,  there  was  a  central  spot  of  silvery  white,  surrounded 
by  narrow,  lustrous  rings  of  blue  and  violet  tints ;  the  whole  environed 
by  a  zone  of  purple,  shading  off  through  pink  into  delicate  hues  of  orange, 
yellow,  and  buff. 

The  films  obtained  just  above  the  upper  oxidizing  flame  were  dove 
colored,  violet-gray,  or  smoky,  pale  brown  to  colorless  in  thin  parts. 
When  a  thicker  film  was  procured,  the  central  spot  was  dark  violet-gray 
to  smoky  brown ;  this  was  surrounded  by  a  pale,  brownish  yellow  or 
<;olorless  ring,  and  the  whole  encircled  by  a  zone  of  purple,  pink,  and 
buff  tints. 

When  the  yellow  or  orange  films,  formed  in  the  reducing  flame,  were 
exposed  to  the  upper  oxidizing  flame,  they  became  immediately  some 
shade  of  purple  or  violet.  This  change  occurred  even  in  the  act  of  with- 
drawing a  yellow  film  from  the  flame  ;  and  in  order  to  prevent  it,  it 
was  found  necessary  to  interpose  something — a  piece  of  sheet  iron,  for 
example — before  removing  the  basin. 

All  of  these  films  were  easily  shown  to  contain  silver  by  the  follow- 
ing reactions :  They  dissolved  in  tolerably  strong  nitric  acid,  and  the 
solutions  thus  formed  yielded  a  white  precipitate  with  hydrochloric 
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acid,  which  was  readilj  soluble  in  ammonia.  When  exposed  to  the 
vapor  of  nitric  acid,  dried  at  a  gentle  heat,  breathed  upon,  and  touched 
irith  a  glass  rod  moistened  with  a  dilute  solution  of  potassium  chrom- 
ate,  crimson  streaks  were  formed.  When  flamed  with  alcohol  holding 
iodine  in  solution,  they  became  pale  yellow. 

When  these  iodide  films  were  exposed  to  air  saturated  with  am- 
monium sulphide  they  turned  brown. 

Experiments  were  then  made  to  ascertain  whether  the  differently 
colored  films  obtained  respectively  in  the  inner  and  outer  flame  had  the 
same  or  different  composition. 

The  thicker  parts  of  the  films,  formed  in  the  reducing  flame,  did  not 
dissolve  sensibly  in  ammonia  or  in  sodium  hyposulphite ;  they  were 
scarcdy  afiected  by  cold  nitric  acid  of  less  specific  gravity^  than  1 .20 ; 
but  readily  soluble  in  stronger  acid  without  unusual  phenomena.  They 
<lid  not  afiect  litmus  or  turmeric  paper,  but  turned  purple  or  violet  when 
treated  with  ferric  chloride.  When  yellow  or  orange,  they  could  not 
be  burnished  on  the  basin,  but  were  easily  rubbed  off  by  dry  filter  paper, 
and  the  grayish  coating  formed  upon  the  paper  became  silvery-gray, 
when  burnished.  The  thicker  blue  and  silvery-white  films  were  more 
or  less  lustrous  before  burnishing;  and  when  moistened  with  water,  or 
better  with  dilute  nitric  acid,  they  could  be  detached  from  the  basin  ; 
but  owing  to  want  of  tenacity,  they  rapidly  broke  up  into  irregular  par- 
ticles, which  glistened  with  an  unmistakable  lustre. 

It  appeal's,  therefore,  that  the  central  and  most  characteristic  parts 
of  the  films  formed  in  inner  flame  consist  of  metallic  silver,  the  varia- 
tions in  color  being  due  to  difference  in  thickness  of  the  films. 

The  films  formed  just  above  the  upper  oxidizing  flame  were  alkaline, 
turning  red  litmus  blue,  and  turmeric  brown  ;  and  this  after  they  had 
been  well  washed  with  distilled  water,  and  the  washings  shown  by 
Nessler's  re^agent  to  be  free  from  ammonia. 

The  violet-gray  and  smoky-brown  parts  were  somewhat  slow  in  re- 
sponding to  litmus  paper,  but  afler  a  little  exhibited  a  distinct  alkaline 
reaction. 

When  heated  in  the  air  bath,  they  commenced  to  lose  color  at  100^ 
€.,  and  at  125^  C.  changed  completely  to  pale  yellow  or  brown,  nearly 
colorless.  When  heated  to  J  00°  C.  in  hydrogen,  they  lost  color  and 
water  was  formed.  When  touched  with  a  drop  of  nitric  acid  of  specific 
gravity  1 .20  or  upwards,  they  dissolved,  forming  a  brown  solution. 

When  a  test  tube  well  coated  with  one  of  these  films  was  snugly  in- 
serted in  another,  containing  a  few  drops  of  strong  nitric  acid,  the  film  dis- 
solved, forming  a  rich,  dark  brown  solution.  The  experiment  succeeded 
best  when  the  tubes  were  kept  cold  by  snow  or  ice.  When  a  tube 
similarly  coated  was  immersed  in  aqua  ammonia,  the  film  dissolved 
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with  effervescence.     The  violet-gniy,  dove  colored,  and  smoky-brown 
parts  consist,  therefore,  chiefly  of  silver  dioxide. 

The  pale  brown  to  colorless  portions  were  strongly  alkaline,  turning 
litmus,  blue  and  turmeric  brown  immediately.  When  heated  above 
250°  C.  they  lost  the  alkaline  reaction.  When  heated  to  IW  C.  in  hy- 
drogen they  also  lost  the  alkaline  reaction,  and  water  was  produced. 
They  dissolved  readily  in  nitric  acid  of  specific  gravity  1 .10  without  un- 
usual phenomena ;  and  were  promptly  soluble  in  ammonia  and  sodium 
hyposulphite.  The  pale  brown  and  colorless  films  consist,  therefore,  of 
silver  monoxide. 

The  purple  and  pink  zones,  surrounding  the  central  parts  of  all  the 
films,  were  slightly  alkaline.  They  became  yellow  at  250°  C,  and 
yielded  water  when  heated  to  100°  C.  in  hydrogen.  When  treatell  with 
aqua  ammonia  they  changed  to  yellow,  and  the  ammonia  rucning  oS 
was  found  to  contain  silver.  Sodium  hyposulphite  turned  them  dirty 
buff  or  gray.  Contact  with  zinc  under  water  caused  them  to  become 
yellow ;  copper  and  tin  had  a  similar  effect,  but  slowly  ;  iron  did  not 
produce  the  change.  Stannous  chloride,  and  dilute  acids  generally,  also 
transformed  the  purple  into  yellow  films.  When  burnished  they  be- 
came dark  steel-blue  and  lustrous.  The  purple  and  pink  portions  of 
the  outer  zones  are,  therefore,  mixtures  of  metallic  silver  and  silver 
oxide — or  films  of  metal  coated  with  films  of  oxide.  The  outer  buflT- 
colored  parts  of  all  the  films  were,  by  similar  tests,  shown  to  be  chiefly 
metallic  silver  in  a  very  finely  divided  and  non-coherent  condition. 

The  Jilma  formed  upon  an  empty  porcelain  basin  were  next  exam- 
ined. 

Those  obtained  just  above  the  upper  reducing  fiame  were  bright 
lemon  yellow — thick  parts  orange,  brown,  blue,  &c.,  resembling  the 
corresponding  films  previously  described,  except  that  the  tints  were 
brighter.     They  were  found  to  consist  of  metallic  silver. 

The  films  formed  above  the  upper  oxidizing  flame  were  pale,  brown- 
ish yellow  to  colorless — outer  parts  purple,  ruby  red  and  yellow.    The 
inner  portions  were  found  to  be  silver  monoxide,  the  outer  varying      j 
mixtures  of  the  metal  and  the  oxide. 

It  is  evident,  therefore,  that  the  main  difference  between  the  oxide 
films  formed  upon  a  basin  filled  with  water,  and  those  obtained  upon  &Q 
empty  dish,  is,  that  in  the  former  case,  the  films  are  chiefly  dioxide^  i^ 
the  latter  monoxide. 

As  the  films  thus  far  obtained  varied  somewhat  under  circumstances^ 
which  appeared  almost  identical,  an  effort  was  next  made  to  determine 
the  cause  of  the  variation,  so  as  to  place  the  production  of  the  different!/ 
colored  films  more  under  control. 

The  lamp  was  provided  with  a  conical  chimney,  the  gas  flame  a^' 
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justed  so  as  to  be  about  eigbt  centimetres  high,  and  the  supply  of  air 
so  regulated,  that  the  upper  reducing  flame  was  barely  visible.  Pure 
precipitated  silver  was  employed  and  introduced  into  the  flamo  by 
means  of  a  platinum  wire,  upon  the  end  of  which  it  was  fused.  The 
porcelain  basin  was  supported  just  around  its  rim  by  a  ring  or  triangle 
of  wire.  The  silver  was  held  in  the  tip  of  the  upper  reducing  flame,  for 
although  the  metal  was  volatilized  more  rapidly  in  the  zone  of  fusion,  or 
in  the  lower  oxidizing  flame,  yet  under  these  circumstances  little  globules 
of  silver  were  mechanically  projected  against  the  basin  ;  and  from  this 
and  other  causes  the  phenomena  were  to  some  extent  altered.  By 
proceeding  in  this  way  very  beautiful  and  uniform  results  have  been 
obtained ;  the  only  variations  occurring  being  directly  traceable  to 
the  thickness  of  the  dims. 

BASIN    FILLED   WITfl   WATER  (bKLOW  100°  C.) 

Filmajusi  above  the  upper  reducing  flame : 

Yellow,  thick  parts  orange  or  brown ;  sometimes  a  narrow  purple 
ring  between  the  outer  yellow  and  inner  brown. 

As  these  Alms  increase  in  thickness,  the  central  spot  becomes  some 
shade  of  violet  or  blue,  and  Anally  silvery  white.  These  Alms  are  all 
metallic,  except  the  purple  ring,  which  contains  a  little  silver  oxide. 

Filmajust  within  the  upper  oxidizing  flame  : 

A  central  brown  or  yellow  spot  of  metallic  silver,  surrounded  by  a 
series  of  concentric  rings,  arranged  in  the  following  order  from  the 

-center: 

1.  Pale  brown  or  colorless Silver  monoxide. 

2.  Violet-gray,  dove  colored Silver  dioxide. 

3.  Pale  brown  or  colorless Silver  monoxide. 

4.  Delicate  purple •  • Silver  and  its  monoxide. 

5.  Pink  to  flesh  colored Silver  and  less  monoxide. 

6.  Bufl* Chiefly  metallic  silver. 

As  the  Alms  increase  in  thickness,  the  central  spot  undergoes  changes 

^ready  mentioned,  and  the  rings  vary  somewhat  also. 

Films  an  inch  or  two  above  upper  oxidizing  flame  : 

Central  spot — violet  gray,  dove  colored,  or  smoky Silver  dioxide. 

A  ring — pale  brown  or  colorless Silver  monoxide. 

A  zone — blended  purple,  pink,  and  buff*  tints Varying  mixtures  of 

silver  and  silver  oxide. 

When  first  formed,  th/^se  Alms  are  pinkish  buff*  throughout.  As  ex- 
posure continues,  the  center  becomes  colorless  or  pale  brown  (silver 
monoxide)  ;  this  spot  then  enlarges,  and  a  violet-gray  nucleus  (silver 
dioxide)  makes  its  appearance,  the  colorless  part  taking  the  form  of  a 
Ting,  which  increases  in  diameter  as  the  dark  gray  nucleus  dilates. 
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BASIN    EMPTY    (125**  TO  200**  C.) 

Films  just  above  reducing  flame  : 

Bright  lemon  yellow,  thick  parts  orange  to  brown;  when  very  thici^, 
purple,  violet,  blue,  or  silvery.    These  films  are  all  metallic. 

Films  just  within  upper  oxidizing  flame : 

A  central  brown  or  yellow  spot  of  metallic  silver,  surrounded  by 

rings : 

1 .  Pale  brown  or  colorless Silver  monoxide, 

2.  Delicate  violet  and  pink  zone Silver  and  monoxide. 

3.  Narrow  purple  or  red  ring Silver  and  less  monoxide. 

4.  Lemon  yellow Chiefly  metallic  silver. 

Films  an  inch  or  two  above  upper  oxidizing  flame : 
Central  spot  pale  brownish-yellow  or  colorless  ......  Silver  monoxide. 

A  ring  of  pale  purple  and  pink  tints Silver  and  monoxide 

A  zone  of  light  yellow Chiefly  metallic  silver. 

Although  some  of  these  films  have  been  described  as  f^fmed  withia 
the  upper  oxidizing  flame,  it  is,  of  course,  understood  that  the  l>a«n,  on 
account  of  its  comparatively  low  temperature,  does  not  actually  oome 
in  contact  with  the  flame.  It  should  also  be  observed  that  in  these 
positions  of  the  basin  there  are  three  principal  parts  in  every  film :  a 
metallic  spot  corresponding  with  the  reducing  flame,  a  zone  of  oxide  cor- 
responding with  the  oxidizing  flame,  and  a  belt  of  finely  divided  silver 
swept  beyond  the  outer  flame. 

When  a  yellow  metallic  film,  on  the  basin  filled  with  water,  is  held 
above  the  upper  oxidizing  flame,  the  color  passes  through  shades  of 
purple  and  violet,  into  pale  brown  or  colorless  monoxide,  and  finally 
becomes  dove  colored  or  violet-gray  dioxide. 

When  a  yellow  film  upon  an  empty  basin  is  similarly  exposed,  the 
colors  obtained  are  beautiful,  and  the  changes  occur  in  the  followin;^ 
order : 

Yellow,  orange,  red,  purple,  violet,  deep  blue,  pale  blue  (occasionally 
pale  green),  pale  brownish  yellow  or  colorless.* 

As  the  films  become  more  strongly  alkaline  with  each  succeeding 
tint,  and  as  the  final  pale  brown  or  colorless  films  are  almost  pure 
silver  monoxide,  it  is  evident  that  the  color  changes  are  intimately  con- 
nected with  the  thickness  of  the  film  of  oxide.  The  oxidation  of  the 
silver  seems  to  be  effected  by  the  ozonized  air  surrounding  tha  oxidizing 
flame. 

The  color  changes  described  above  have  been  imitated  by  exposing 
yellow  films  of  silver  to  air  and  oxygen  ozonized  by  electricity,  while 

♦  Sec  Proc,  Amer.  Chem.  6oc ,  vol.  I,  No.  2,  and  Amer.  Chemiit,  Oct,  1876,  inter- 
estiDg  paper  by  I.  Walz. 
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they  haxe  not  been  produced  by  exposure  to  ordinary  oxygen  at  any 
temperature. 

Moreover,  if  a  pieqe  of  filter  paper,  moistened  with  a  solution  of 
potassium  iodide  add  starch  paste,  is  laid  upon  the  outside  of  a  porcelain 
disb,  and  the  dish,  filled  with  water,  is  then  depressed  a  little  way  within 
the  gas  flame,  a  blue  ring  is  invariably  formed  above  the  outer  flame, 
corresponding  exactly  in  diameter  and  breadth  with  the  silver  oxide 
films  formed  under  similar  circumstances. 

If  silver  films  collected  upon  a  large  watch  glass  are  viewed  by 
directly  transmitted  light,  they  resemble  closely  those  obtained  upon  a 
porcelain  basin.  The  resemblance  is  rendered  perfect  by  fitting  the 
coated  watch  glass  over  the  bottom  of  a  clean  porcelain  dish,  and  hold- 
ing it  so,  that  the  eye  may  be  directly  above  the  center  of  the  film. 

If,  however,  the  watch  glass  is  held  so,  that  ^he  films  are  seen  by  re- 
fleeted  light,  the  phenomena  are  reversed,  and  the  color  of  each  ring  is 
the  complement  of  the  color  of  the  same  ring  as  seen  by  transmitted 
light. 

It  appears,  therefore,  that  the  beautiful  and  varying  colors  of  the 
films  of  silver  and  its  oxides  are  mainly  due  to  the  interference  of  light. 
The  phenomena  are  for  the  most  part  the  colors  of  thin  plates  viewed 
by  transmitted  light,  modified  to  some  extent  by  irr^ular  reflection. 

In  conclusion,  experiments  were  made  to  determine  the  delicacy  of 
these  silver  reactions. 

First,  a  specimen  of  silver  ore,  containing  three  per  cent,  of  silver 
as  sulphide,  mixed  with  sulphides  of  lead  and  copper,  was  tried.  Two 
miUegrammes,  roasted  in  upper  oxidizing  flame,  and  then  held  in  upper 
reducing  flame,  gave  a  rather  faint,  but  unmistakable  reaction.  About 
0.00006  gramme  of  silver  was  therefore  detected. 

In  the  next  place,  a  little  pure  silver  was  fused  upon  a  platinum 
wire.  The  increase  in  weight  of  the  wire  was  0.0008  gramme.  This 
silver  bead  gave  thirty-nine  distinct  films;  then  reaction  ceased  and 
the  platinum  wire  was  found  to  have  regained  its  original  weight.  In 
this  case  about  0.00002  gramme  of  silver  was  sufficient  to  give  the  re- 
action. 

A  solution  of  silver  nitrate  was  then  made  containing  0.00001 
gramme  of  silver  in  each  cubic  centimetre.  Five  cubic  centimetres  of 
this  solution,  evaporated  nearly  to  dryness  and  taken  up  on  a  small 
piece  of  filter  paper,  gave  characteristic  films,  which  dissolved  in  nitric 
acid,  forming  a  solution  which  became  turbid  on  addition  of  hydro- 
chloric acid,  and  clear  again  upon  treatment  with  ammonia. .  Two  cubic 
centimetres  of  the  silver  nitrate  solution  gave  a  distinct  film  ;  and  even 
one  cubic  centimetre  responded  to  the  test. 

As  some  of  these  experiments  were  purposely  made  under  rather 
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disadvantageous  circumstances ;  and  as  even  very  distinct  films,  col- 
lected upon  a  thin  porcelain  crucible  lid,  were  incapable  of  turning  a 
delicate  chemical  balance,  it  may  be  safely  concluded  that  about  0.00005 
gramme  of  silver  is  generally  sufficient  to  furnish  satisfactory  deposits, 
and  that,  under  favorable  conditions,  as  little  as  O.OOOOl  gramme  of  the 
fnetal  can  be  detected. 

The  experiments  detailed  in  this  paper  suggest,  that,  by  a  slight 
modification  of  the  ordinary  mode  of  proceeding,  silver  may  be  without 
-difficulty  detected  in  the  presence  of  more  volatile  metals,  and  that  other 
metals,  not  commonly  ranked  as  volatile,  may  be  found  to  yield  film's 
upon  a  porcelain  basin. 

However  this  may  be,  the  following  points  appear  to  be  estab- 
lished : 

1 .  The  volatilization  of  ailver  and  the  formation  of  films  of  this 

metal  by  the  flame  of  a  Bunsen's  burner. 

2.  The  oxidation  of  silver  films  by  the  ozonized  air  surrounding  the 

upper  oxidizing  flame. 

3.  The  application  of  these  reactions  to  the  detection  of  minute 

quantities  of  silver. 


LVI. — On   Arbombtkrs.     Part  I. 
BY  A.  BOURGOUGNON. 

BEAUMfi's     ARB0METER8. 

Bbaum£  constructed  his  areometers  in    1768,  and  a  description  of 
these  instruments  is  given  in  his  "  Elements  de  Pharmacie."* 

The  first  areometer  described,  was  employed  for  the  determination 
of  the  quantity  of  salt  contained  in  each  "  quintal  "  of  water,  and  its 
author  remarks  that  this  areometer  is  to  be  trusted  only  for  the  salt 
from  which  it  has  been  graduated,  since  every  salt  does  not  give  the 
same  indications  with  this  instrument;  for  example,  one  pound  of  salt- 
petre does  not  give  quite  one  degree,  and  about  two  pounds  of  sugar 
are  required  to  give  one  degree.  Different  instruments  were  then  con- 
structed, and  graduated  with  different  kinds  of  salts,  but  Beaume  re- 
marks that  it  is  far  better  lo  have  only  one  instrument  correctly  grad- 
uated with  the  sodium  chloride  solution,  using  at  the  same  time  a  table 
containing  the  proportions  of  each  salt  corresponding  to  each  degree  of 
the  areometer.  The  graduation  of  this  instrument,  which  sometimes  is 
called  salimeUr,  is  obtained  by  moans  of  water  for  the  first  point,  and 
a  solution  of  sodium  chloride   for  the  second.     This  solution  of  salt 


*  !:c.n:mr-.     Elements  tlo  P:iarni:>cic.     Pari*..  1797.     Vol.  I. 
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is  made  by  dissolving  15  parts,  by  weight,  of  salt  in  85  parts  of  water, 
making  100  parts.  Zero  corresponds  to  the  first  point  and  15  to  the 
second.  The  space  between  these  two  points  is  divided  into  15  equal 
parts,  and  these  parts  or  degrees  are  used  as  a  standard  for  the  com- 
plete graduation  of  the  areometer. 

The  other  areometer  of  Beaume  was  constructed  with  the  view  to 
determine  the  quantity  of  alcohol  in  spirituous  liquids,  which  instru- 
ment is  sometimes  called  alcoholometer. 

Two  points  are  also  necessary  for  the  graduation  of  this  instrument. 
Water  was  selected  for  the  first  point,  and  a  solution  of  sodium  chloride 
was  employed  for  the  second.  This  solution  of  salt  is  prepared  by 
dissolving  10  parts,  by  weight,  of  salt  in  90  parts,  by  weight,  of  water, 
making  100  parts ;  10  corresponds  to  the  first  point  given  by  water,  and 
0  to  the  second,  obtained  with  the  salt  solution*  The  space  between  0 
and  10  is  divided  into  ten  equal  parts,  and  these  divisions  or  degrees 
are  employed  as  a  standard  to  complete  the  graduation  of  the  instrument. 

It  must  be  mentioned,  that  when  Beaume  constructed  his  areometers, 
he  had  not  in  view  the  objects,  for  which  they  are  now  employed.  One 
of  these  instruments  was  to  be  used  as  a  salimeter,  and  the  other  as  an 
alcoholometer,  without  regard  to  the  specific  gravity.    ' 

Now  both  these  instruments  are  extensively  used,  and  tables  are 
given  where  the  areometric  degrees  correspond  to  densities.  Unfortu- 
nately, these  tables  do  not  agree  with  each  other.  Sometimes  very  ap- 
preciable differences  exist.  This,  combined  with  careless  construction, 
which  often  occurs  in  cheap  instruments,  is  likely  to  cause  misunder- 
standing between  parties  were  these  areometers  are  used  as  a  standard. 

It  is  our  object,  in  this  communication,  to  examine  the  construction 
of  these  areometers,  and  endeavor  to  give  true  formulas  for  the  conver- 
sion of  areometric  degrees  into  corresponding  specific  gravity,  and  wc 
must  first  begin  by  recalling  briefly  the  general  theory  of  hydrometers 
similar  to  those  constructed  by  Beaume.  Let  V  be  the  volume  of  an 
areometer  immersed  in  a  liquid  whose  density  is  d.  Vd  then  repre- 
sents the  weight  of  the  liquid  displaced,  which  is  also  the  weight  of  the 
areometer.     If  V'd'  represents  the  corresponding  values  for  another 

liquid,  we  shall  have : 

d         V 

d'         V 
that  is  the  densities  are  inversely  proportional   to  the  volumes  im- 
mersed.     Now   let   d„  dj,  d.,, bo  a  series  of  densities  in  a  do- 
creasing  order,  and  V„  V„  V3, the  corresponding    volumes    im- 
mersed, in  an  ascending  order,  we  shall  have : 

d,       __       d, da 

r~~ ""    1    "^  _i_ 

V,  V,  V3 
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V.     _  _V^_  _     V. 
and  ]       —       i        —       1 

di  ci»  d. 

If,  then,  we  wish  the  diYisions  to  indicate  equal  differenoea  of  den- 
sity, we  must  arrange  them  to  form  a  proportion  with  the  volumes  im- 
mersed. This  implies,  that  the  divisions  approach  each  other  as  the 
density  increases,  provided,  that  the  stem  of  the  areometer  has  the  form 
of  a  geometric  cylinder. 

The  following  investigations  apply  to  areometers,  whose  divisions 
are  equidistant,  as  those  of  Beaume. 

It  is  necessary,  first,  to  have  two  divisions  corresponding  to  two 
known  densities.  Let  us  call  these  divisions  Ui,  n^ . . . .  reckoning  from 
the  upper  extremity  downward,  and  let  the  corresponding  densities  be 
d„  d, . . . .  if  we  take  for  unity  of  volume  one  of  the  divisions,  and  repre- 
sent the  volume  immersed  by  c,  when  the  instrument;  is  plunged  to  zero^ 
it  is  evident,  that,  when  the  instrument  is  immersed  to  the  n^  division 
(reckoning  downward  on  the  stem  from  zero),  the  volume  immersed  will 
be  c  —  n ;  if  the  corresponding  density  is  called  d,  (c  —  n)d  will  repre- 
sent the  weight  of  the  areometer ;  we  will  then  have : 

.    (c  —  n,)di  =  (c  —  n,)d8  whence  c  =  J — '  ~"   J — ^.. 

di  — d, 

This  value  of  c  may  be  calculated  once  for  ail. 

The  density  D  corresponding  to  a  division  N  will  be  found  by  the 

equation : 

c  —  Ui 

(c  —  N)D  =  (c  —  n,)di  whence  D  =  — ZH^ 

Supposing  that  di  represents  the  density  of  water  as  unity. 
We  will  now  apply  this  theory  to  Beaume's  areometers. 

A.  Beaume's  areometer  for  liquids  heavier  than  water. 
We  have  seen  that  the  salt  solution  employed  for  the  graduation  of 
this  instrument  was  obtained  in  dissolving  15  parts  of  salt  in  85  parts 
of  water ;  the  specific  gravity  of  this  solution  is  1.116.*     Referring  to 
the  formula  above  given,  we  have  here : 

ni  =  0;  d,  =  1;  n,  =  15;  d,  =  1.116 

.  15x1.116        ,_„, 

whence       c— =s  144.31 

0.116 

and  the  specific  gravity  corresponding  to  the  areometric  degree,  will  be 

given  by  the  formula : 

144.31 


144.31 -N 


=  D 


*  Codex  Medicamentarius.    Pharmacopee  fran^jiise. 
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B.  Beaumfs  areometer  for  liquids  lighter  than  water. 

In  this  instrument,  the  point,  to  which  it  sinks  in  water,  is  near  the 
bottom  of  the  stem,  and  is  marked  10 ;  the  zero  of  the  scale  is  the  pointy 
to  which  it  sinks  in  a  solution  of  10  parts  of  salt  to  90  parts  of  water, 
the  density  of  this  solution  being  1»0847.*  The  divisions  in  this  case 
are  numbered  upward  from  0. 

In  order  to  adapt  the  above  formula  to  the  case  of  graduations  num- 
bered downwards,  it  is  necessary  to  reverse  the  signs  of  n„  n„  and  N. 

Then  we  have : 

n^  d,  —  n,  d|  c  +  n, 

0  = J, -^ andD= — .—^- 

di  —  a,  c  +  N 

and  as  we  have  now  :  n,  =  10 ;  d,  =  1 ;  n,  =  0 ;  d,  =  1.0847,  the  form- 


ula gives : 


^=(^47  =  "«•«« 


and  _  128.06      _ 

fl8.06+N  ■" 

We  have  admitted  a  priori  in  these  calculations,  that  the  specific 
gravity  of  the  salt  solutions  was  known,  but  it  is  doubtful  whether  these 
numbers  are  correct,  especially,  if  we  consider  the  formula  obtained  for 
the  conversion  of  areometric  degrees  into  density  for  the  areometer  for 
liquids  lighter  than  water. 

Beaum6  has  omitted  to  give  these  specific  gravities,  and  we  do  not 
know  if  the  salt  to  be  used  must  be  pure,  or  only  the  common  salt» 
Beaum6  directs  that  very  pure  and  dry  salt  be  employed  ;  but  perhaps 
these  words  do  not  mean  chemically  pure,  since  we  see,  that  other  au- 
thorities use  common  salt. 

The  composition  of  common  salt  not  being  constant,  it  follows  that 
the  density  of  the  salt  solution  may  vary  with  almost  every  operator ; 
hence  we  conclude,  that  it  is  far  better  to  find  these  densities  by  calcu- 
lation. 

(a)  We  will  first  begin  with  the  areometer  for  liquids  heavier  than 
water. 

To  carry  out  satisfactorily  this  calculation,  we  must  remember  that 
Gay-Lussac  has  observed  that  the  areometer,  immersed  in  monohydrated 
sulphuric  acid  of  1 .8427  density,  marked  00  degrees.  He  took  this  point 
as  a  first,  and  the  second  point  0  was  obtained  by  immersing  the 
areometer  in  water.  lie  then  divided  the  space  between  0  and  00  in 
sixtpsix  equal  parts  or  degrees.  The  verification  of  areometers  con- 
structed upon  this  principle  is  an  easy  matter,  Gay-Lussac  having  estab- 


*  Codex  Medicam.,  loco  citato. 
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lished  a  relation  between  the  areometric  degree  and  the  density,  and  this 
density  can  always  be  verified  by  the  balance. 

To  calculate  the  specific  gravity  of  the  salt  solution  employed  to 
gradute  the  areometer,  we  will  imagine  an  instrument  having  the  form 
of  a  geometrical  cylinder. 

Now,  we  know  by  experiment  that  the  degree  of  0  corresponds  to 
the  density  1.000,  and  the  degree  66  to  the  density  1,8427  (Gay- 
Lussac). 

Let  V  represent  the  volume  of  the  areometer 
from  0  to  the  lower  extremity  B ;  v  the  volume 
from  66  to  B,  the  volumes  immersed  being  in- 
versely  proportional  to  their  densities,  we  will 
have : 


Vi 


-0 


fS 


ree 


•Vi 


V 
v  ~ 

1.8427 
1        "^' 

V  +  66 

V 

1.8427 

v-f66 

=  1.8427  V 

66 

=  0.8427  V 

66 

-  =  V  =  78.319 

O.S4'^7 


:v 


;  Then  from  the  66th  degree  to  the  lower  part 

of  the  cylinder  we  obtain  78.319  divisions,  sup- 
posing that  this  cylinder  be  divided  into  equal 
parts  to  those  between  0  and  66.     The  value  of 
V  will  be : 
JB  V  =  V  +  66  =  78.319  +  66  =  144.319 

From  this  we  conclude  that  the  number  of  degrees  from  0  to  B  is 
144.319  ;  aad  that  the  relation  of  one  degree  of  the  areometer  is  to  the 

Tolume  of  the  areometer  as  ,  ^  ^  _ .  „ 

144.319 

Finally  we  obtain : 

V  -  v'  =  15     or,  144.319  -  v'  =  15 
144.319  -  15  =  v'  =  129.319 
representing  the  number  of  degrees  from  15  to  B. 

From  these  data  we  will  obtain  the  density  of  the  salt  water  used 
for  the  graduation  of  the  instrument.  Calling  D  the  density  corres- 
ponding to  the  15th  degree,  we  have : 

V        D  144.319 

V—  T    ^^^'129.319  =  '-^^^^ 
a  number  very  near  1.1  IG  used  in  the  former  calculation,  and  adopted 
a  priori. 

It  follows  that  to  reduce  areometric  degrees  given  by  this  instrument 
into  corresponding  densities,  the  modulus  144.319  is  to  be  employed. 
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•  Another  number  for  the  crpecific  gravity  or  nionohydrated  sul- 
phuric acid,  SH*  O*  has  beeii  given.  Pay  en,  in  his  "Traite  dey 
reactifs,"  *  says  that  the  66th  degree  of  Beaume's  areometer  corre- 
sponds to  the  density  1.845 ;  although,  in  a  table  given  in  this  work,  the 
66th  degree  corresponds  to  another  density.  Brande,  in  his  nianual  of 
chemistry,!  gives  the  specific  gravity  of  monohydrated  sulphuric  acid 
equal  to  1.8455.  L.  Play  fair,  as  I  was  informed  by  Mr,  P.  Casamajor, 
gives  more  recently  the  number  1.845. 

Now,  in  the  above  calculations,  if  we  tuke  for  specific  gravity  of  the 
acid  SH*  O*,  the  number  1 .845,  we  obtain  the  following  values : 

V  =    78.106 

V=  144.106 

y  =  129.106 

D=      1.1163 
and  the  modulus  used  in  the  formula  becomes  144.106. 

(6)  We  will  now  consider  the  areometer  for  liquids  lighter  than 
water,  and  we  will  conduct  our  investigation  on  the  same  plan  as  for 
the  other  areometer. 

This  areometer  regulates  the  sale  of  petroleum  and  its  products, 
and  also,  in  certain  countries,  the  sale  of  sulphuric  ether. 

I  Well  rectified  sulphuric  ether  of  a  density  of 
0.720  marks  66°  on  this  areometer,  |  and  upon 
this  fact  we  will  base  our  calculation  relative  to  ^   Kff6 

this  instrument. 

We  know  by  experiment  that  to  the  degree  10 
corresponds  the  sp.  gr.  1 .000 ;  and  to  the  degree  66, 
the  density  0.720.  The  volumes  immersed  being 
inversely  proportional  to  their  densities,  we  have : 


1 


or. 


V  +  56 


=  1.388 


V 


V        0.720  V 

V  +  56  =  1.388  V 
56  =  0.388  V 

— — —  =  V  =  144.329,  number  \ 

0.388  '  ) 

representing  the  number  of  degrees  from  10  to  B. 

The  value  of  V  will  be : 

V  =  V  +  56  =  144.329  +  56  =  200.329 
and  the  value  of  v',  or  the  number  of  degrees  from 
0  to  B  is  equal  to : 

v'  =  V  -  10  =  144.329  -  10  =  134.329. 


^N 


la 


B 


♦  Payen  Trait6  des  r^actifs.  Paris,  1825. 

f  W.  T.  Brande— A  manual  of  Cbemistry,  London,  1841. 

I  Codex  Medicam. ,  loc.  citat. 
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From  the  construction  of  the  areometer,  the  ibrmula  employed  for 
the  conyersion  of  ar^ometrio  degrees  into  density  will  be : 

144.829      _ 

134.329 -fN  "~ 
From  this  calculation  we  will  find  the  specific  gravity  of  the  salt 
water  used  for  the  graduation  of  the  instrument  by  the  following  pro- 
portions,  calling  D  the  density  corresponding  to  0°  : 

V  _  D  _  144.329  _ 

v'  ~   1  ""134.329"" 
a  number  differing  widely  from  1.0S47,  used  in  a  former  calculation. 

The  modulus  144'  is  often  employed  in  the  formulas  given  for  the 
transformation  of  areometric  degrees  for  the  areometer  for  liquids 
heavier  than  water.  Some  authors,  taking  in  consideration  the  con- 
struction of  the  instrument  for  liquids  lighter  than  water,  conclude  that 

the  formula  144  ^ 

'—  =  D 

134  +  N 

must  be  employed ;  but  this  reasoning  cannot  be  admitted,  since  the 

saline  solution  used  for  the  graduation  of  the  two  areometers  varies  in 

density,  and  one  of  the  two  areometers  marks  0  in  water,  and  the  other 

10.     Although  instruments  are  made  in  which  the  two  areometers  are 

combined  in  one,  the  point  0  being  in  the  midst  of  the  stem.*  We  ne^r 

had  the  opportunity  to  verify  the  correctness  of  such  instruments. 

The  question  of  areometers  is  not  yet  decided,  since  we  find  author- 
ities taking  as  modulus  numbers  different  from  those  given  in  this 
communication. 

During  the  course  of  our  last  meeting,  at  the  conclusion  of  the  in- 
teresting communication  upon  this  subject  by  our  colleague,  Mr.  P. 
Oasamajor,  our  president.  Dr.  C.  F.  Chandler  suggested  that  the  Amer^ 
ican  Chemical  Society  should  carefully  investigate  the  question  o^  are- 
ometers, and  determine  the  correct  method  to  be  employed  in  their 
future  construction. 

Such  a  proposition  should  be  unanimously  adopted  by  our  society ; 
it  would  have  the  double  end  of  furnishing  science  and  industry  with 
accurate  instruments,  and  avoid  misunderstandings  arising  from  the  use 
of  cheap,  untrustworthy  areometers. 

Before  closing  this  communication,  1  will  make  the  remark  that,  in 
Prussia,  areometers,  alcoholometers,  dsc,  are  verified  and  stamped 
exactly  as  weights,  balances,  and  measures  of  capacity.  In  other  coun- 
tries the  fabrication  of  these  instruments  is  not  regulated  by  any  law. 
It  is  the  duty  of  those  employing  areometers  to  have  them  verified  by 
experts.  One  of  my  friends  relates  that  a  manufacturer  in  the  north 
of  France,  by  using  an  areometer  showing  a  difference  of  one  degree  in 
Its  scale,  suffered  a  loss  of  40,000  francs. — ( To  be  continued.^ 
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LVII. — Proceedings. 
Regular  Meeting^   Thursday^  June  lih^  1877. 

The  meeting  was  called  to  order  at  8  P.  M.  Vice-Presi- 
dent Chandler  in  the  chair.  The  minutes  of  the  last  meeting  were 
read  and  approved.  On  recommendation  of  the  Council,  the  fol- 
lowing resolutions  were  adopted : 

1.  That  the  year  of  the  Society  shall  date  from  January  Ist. 

2.  That  the  first  volume  of  the  Proceedings  of  the  Society 

shall  include  the  numbers  for  1876  and  1877. 

3.  That  all  members  joining  the  Society  before  the  end  of 

1877  shall  be  entitled  to  the  first  volume  of  the  Pro- 
ceedings, 

With  reference  to  an  invitation  from  Prof.  N.  T.  Lupton,  to 
attend  the  annual  meeting  of  the  American  Association  for  the 
Advancement  of  Science^  at  Nashville,  Tenn.,  it  was  thought  best 
to  express  the  Society's  thanks  for  the  invitation,  but  to  decline  to 
take  part  as  a  body. . 

The  matter  of  having  the  Society  incorporated  by  the  Legis- 
lature of  the  State  of  New  York  was  discussed ;  but,  on  motion 
of  Dr.  Goldmark,  action  on  the  subject  was  deferred. 

The  following  were  elected  : 

As  members — Dr.  W.  H.  Gregg,  Elmira,  N.  Y. ;  Dr.  Edgar  F. 
Smith,  Phila.,  Pa. 

Ab  associate — Gen,  John  Newton,  N.  Y. 

Mr.  A.  Bourgougnon  read  the  second  part  of  a  paper  "  On  Are- 
ometers;" the  second  paper  read  was  "On  the  Solubility  of  Ar- 
senic Trioxide  in  Coffee  Decoctions,"  by  Dr.  Chas.  Mclntyre. 
Neither  of  these  called  for  any  special  discussion. 

Mr.  Casamajor  presented  the  following  communication : 

Messrs.  Havemeyer  &  Elder  have  presented  to  the  library  of 
the  American  Chemical  Society  their  entire  collection  of  Dingler's 
Polytechnisches  Journal,  from  1860  to  1876,  being  seventeen  years 
of  this  valuable  publication.  Unfortunately  twenty-five  numbers 
are  wanting  in  this  series.  In  the  hope  that  we  may  be  able  to 
obtain  these  numbers  from  those  who  can  spare  them,  I  now  re- 
quest that  this  notice  may  be  published  in  the  proceedings  of  the 
Society.     The  full  list  of  the  missing  numbers  is  as  follows : 

I860— No.  899. 

1861~No.  938. 
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1863— Nos.  961,  962,  963,  964,  965,  966,  967,  968,  970,  971, 
972,  979,  980,  984. 

1864— Nos.  985,  986,  987,  988,  989,  990. 

1866— No.  1038. 

1867— No.  1066. 

1868— No.  1081. 

1871— Nos.  1167, 1168. 

1873— No.  1204. 

Mr.  Casamajor's  request  was  granted,  and  he  was  ehai^d  to 
convey  tlie  thanks  of  the  Society  to  the  Messrs.  Ilavemeyer  &  Elder 
for  their  donation. 

Prof.  Egleston  called  the  attention  of  the  Society  to  a  specimen 
of  ferro-silicon,  insoluble  in  aqua  regia,  and  containing  16  ^  of  Si. 
The  production  of  this  substance  will,  in  Prof.  Egleston's  opinion, 
prove  of  the  utmost  importance  in  the  manufacture  of  cast  steel, 
as  it  tends  to  prevent  the  formation  of  carbonic  oxide,  which  gives 
rise  to  the  "  blow-holes."  In  his  further  remarks.  Prof.  Egleston 
gave  some  outlines  of  the  progress  recently  made  in  the  manufac- 
ture of  iron  and  steel,  especially  of  "  sp^mgy  "  iron  direct  from  the 
ore ;  and  ventured  the  prediction  that  we  are  at  the  eve  of  a  com- 
plete revolution  of  this  branch  of  industry,  the  tendency  being  the 
production  direct  from  the  ore  of  wrought  iron  and  steel,  in  which 
direction  some  great  strides  have  been  made  of  late. 

The  following  were  proposed : 

As  members — Dr.  Hanbury  Smith,  N.  Y. ;  Ch.  Lecompte, 
Tenafly,  N.  J. ;  Auguste  J..  Eossi,  N.  Y.;  Benj.  P.  Blanpied, 
Hanover,  N.  H. 

Adjourned. 

LVIII. — On  Areometers.     Part  II. 

BY  A.  BOURGOUGNON. 

cartibr's    areometer. 

We  have  met  with  some  difficulty  in  establishing  formulas  for  the 
areometers  of  Beaume.  If  we  try  now  to  obtain  similar  formulas  for 
the  instrument  of  Cartier,  the  difficulty  is  still  greater,  since  four  pro- 
cesses have  been  employed  for  the  graduation  of  this  instrument. 

When  Beaume  constructed  his  peae-Uquevrs  it  was  at  once  adopted 
by  the  manufacturers,  but  rejected  as  an  official  instrument.  The  rea- 
son of  this  rejection  was,  that  the  members  composing  the  "  Ferme 
Gri»ii6rale"  had  no  great  sympathy  for  Beaume,  who  had  just  published 
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several  memoirs  attacking  strongly  the  new  chetnieal  doctrines.  It  is 
sufficient  here  to  remark,  that  Beaum6  was  one  of  the  last  supporters  ot 
the  celebrated  theory,  imagined  by  Becher  and  developed  by  Stahh 

Another  reason,  for  which  the  alcoholometer  of  Beaumo  was  not  offi- 
cially adopted  was,  that  by  its  use  the  manufacturers  were  able  to  ascer- 
tain the  duties  they  had  to  pay  for  alcohol.  According  to  the  ideas  of 
the  "  Ferme  Genurale,"  Brisson,  produced  an  areometer  constructed 
upori  the  principle  of  Fahrenheit's,  and  also  Montigny,  but  these  two 
areometers  were  soon  forgotten. 

It  was  then  agreed  to  employ  the  pese-liquevrs  of  Beaum6,  with  a 
slight  modification  in  its  construction,  and  the  pese-liqueurs^  thus  modi- 
fied by  the  "  Ferme  Generale,"  received  the  name  of  Cartier's  are- 
ometer. 

Let  us  now  examine  the  different  processes  employed  in  construct- 
ing this  areometer. 

1 .  A  reometer  of  tho  "  Ferme  Generale."  This  instrument  is  the  hy- 
drominor  areometer  of  Beaume,  on  which  the  32d  degree  is  marked  30 
in  the  new  instrument. 

2.  Another  process  of  constructing  the  areometer  of  Cartier,  was 
the  following :  The  same  areometer  of  Beaume  is  still  employed,  and 
from  the  22d  degree,  above  and  below,  16  degrees  of  Beaume  are  di- 
vided into  15  equal  parts.  For  this  instrument,  we  find  the  following 
relations : 

The  22d  degr.  of  Beaume  corresponds  to  the  22d  degr.  of  Cartier. 
6th    "  '*  •*  **        7th 

38th    "  "  "  "      37th 

32  d^rees  of  Beaume  are  equal  to  30  degrees  of  Cartier. 
We  will  not  try  to  calculate  the  formulas  for  these  two  instruments, 
in  which  the  graduation  is  too  arbitrary,  and  we  will  only 
examine  the  two  following  areometers  of  Cartier  now  in 
use. 

3.  In  this  areometer,  the  point  10  corresponds  to 
water,  and  the  point  44  to  the  number  0.795  representing 
the  density  of  absolute  alcohol  at  +15°  C. 

Calling  V  the  volume  of  the  instrument  from  the  44th 
degree  to  the  inferior  part  B,  and  v  the  volume  from  10 
to  B,  we  have : 

V  1  ,  v-f34 


u 


u 


(( 


« 


c< 


ii 


V 


whence 


0,795  V 

v-f  34  =  1.257  V 
34 


1.257 


0.257 


=  V  =  132.1:9 


KIO 

\ 
\ 
t 

\ 

Y 


and  the  conversion  of  areometric  degrees  furnished  by 
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^kis    in9trument  into   corresponding  density,  will   be  given  by   the 

formula : 

132.29 

122.29+N  "~  ^ 

in  which  N  represents  the  number  of  degrees  indicated  by  the  instru-' 
ment. 

4.  The  zero  of  the  areometer  corresponds  to  water,  and  the  44th  de- 
gree to  the  density  of  absolute  alcohol  at  -f  15°  C.     We  have  here: 

V  1         .          v+44       ,  „-^ 
=  -,r^r^  whence  =-- 1.257 

V  0.79o  V 

_     44 

""  -  6.257  -  ^^^'^ 
and  to  reduce  the  areometrio  degrees  given  by  this  instrument  the  mod- 
ulus 171.2  is  to  be  employed. 

THE    LAOTOMBTER. 

We  refer  here  only  to  the  instrument  adopted  by  the  New  York 
Board  of  Health,  in  which  the  zero  corresponds  to  water  at  the  temper- 
ature of  60°  Fahr.,and  the  point  100  to  the  specific  gravity  1.029  at  the 
same  temperature.     We  have : 


V 


-  0 


1.029 


whence  - 1^-~  =  1.0299 


0.999125  V 

v+100  =  1.0299  V 
100 


V  = 


=  3344.48 


r  100 


0.0299 
The  number  of  degrees  from  100  to  the  inferior 
part  B  of  the  instrument,  is  3344.48.     Then  we  obtain 
for  the  value  of  V  : 

V=  v+lOO  =  3344.48+  100  =  3444.48 
The  relation  between  the  volume  of  one  degree  of 
the  lactometer  and  the  volume  of  the  instrument,  is 
,  equal  to  ^x^V.tt)  ^^^  if  we  call  N  the  lactometric  de- 
;  gree,  we  obtain  the  following  formula  for  the  reduo- 
V  tion  into  corresponding  specific  gravity : 
/  3444.48     _ 

3444.48  -  N  "" 
In  a  former  calculation,  we  found  the  number 
3548  as  modulus  for  the  lactometer.  This  number 
was  obtained  by  means  of  the  following  data: 
ni  =  0;  dj  =  1;  n,  =  100;  dj  =  1.029;  but  on  inquiring  about  the 
construction  of  this  instrument,  we  were  told,  that  the  water  used  in 
the  determination  of  the  point  zero  was  at  the  temperature  of  03°  Fthr. ; 
then  the  value  of  di  beoomes  equal  to  0.999125,  and  the  former  mod- 
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ulus  3548,  obtained  for  the  density  of  water  equal  to  1.000,  becomes  now 
^44.48. 

The  above  calculations,  concerning  the  lactometer,  are  made  sup- 
posing that  the  d^rees  are  equidistant. 

We  have  now  reviewed  the  principal  areometers  employed,  and  it 
is  with  reason,  that  we  omit  to  speak  of  the  areometer  of  Balling,  Mr. 
P;  Casamajor  having  discussed  this  subject  with  the  authority  pertain- 
ing to  him  in  this  matter,  and  having  shown  that  the  modulus  to  be 
employed  for  the  reduction  into  density  is  200. 

We  will  now  exaniiine  the  instruments  called  densimeters. 

DBKSiySTERS. 

Densimeters  are  areometers  graduated  in  order  to  show  the  relative 
■specific  gravity  of  a  liquid,  according  to  the  degree  to  which  they  plunge 
in  this  liquid. 

We  will  describe  only  the  instruments  of  Gay-Lussac  called  vol- 
umeters. 

The  volumeter  of  Gay-Lussac  is  similar  in  form  to  the  areometer 
of  Beaume,  it  differs  only  in  the  graduation,  which  varies  as  the  instru- 
ment to  be  employed  is  a  hydromajor  or  hydrominor  areometer. 

In  the  first  case,  it  is  loaded,  in  order  that  when  immersed  in  pure 
water  it  will  plunge  to  the  point  A,  situated  at  the  upper  part  of  the 
stem.  Then  selecting  a  liquid,  whose  density  is  known  and 
greater  than  that  of  water,  in  the  ratio  of  4  to  3  for  example,  ^^^ 
the  volumeter  is  immersed  in  it. 

It  plunges  now  to  the  point  B.  If  we  represent  by  V  and 
V  the  volumes  immersed  respectively  in  water,  and  in  the  sec- 
ond liquid,  the  volumes  being  inversely  proportional  to  the 
density  of  the  liquids,  we  have : 

V  4       ,  3     ,.  '^^ 

whence  v  = 


V  3  4 

If  we  represent  by  100  the  volume  V,  the  volume  v  will 
be  75.  Consequently  the  numbers  100  and  75  are  respect- 
ively inscribed  at  the  points  A  and  B ;  the  volume  AB  ac- 
cording to  the  value  of  v,  being  one-quarter  of  V,  the  distance 
comprised  between  A  and  B  is  divided  into  25  equal  parts, 
and  each  of  these  parts  is  ^'y  of  AB,  or  yj^  of  V,  that  is  to  say, 
of  the  volume  immersed  in  pure  water.  Finally,  the  divi- 
sions are  continued  to  the  lower  part  of  the  stem. 

To  obtain  the  density  of  a  liquid,  it  is  necessary  only  to 
immerse  in  it  the  volumeter,  and  if  this  instrument  sinks  to 
the  54th  division,  for  example,  this  indicates  that  the  volimtie 
of  the  displaced  liquid  is  represented  by  54,  the  volume  of 
water  being  represented  by  100.     Since  all  floating'  bodies  displace  a 


L 
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weight  of  liquid  equal  to  their  own  weight,  it  follows  that  the  volume 
of  water  V,  or  100,  and  the  volume  of  the  other  liquid  54  have  the  same 
weight,  the  weight  of  the  volumeter,  but  for  equal  weights  the  volume 
of  two  bodies  is  evidently  in  inverse  ratio  to  their  density  ;  therefore, 
if  we  represent  by  x  the  density  of  the  second  liquid,  the  density  of 
water  being  1.000,  we  have : 

X          100      .                   1^       1  Q^ 
—      = whence  x  = =  l.o5 

1  54  54 

If  the  volumeter  is  made  for  liquids  lighter  than  water,  the  point  100,. 
corresponding  to  distilled  water,  is  situated  at  the  lower  part  of  the 
stem.  To  the  upper  part  of  the  instrument  a  weight,  weighing  one- 
quarter  of  the  volumeter  is  fixed.  Now  the  weight  of  the  volumeter  alone 
being  represented  by  100,  its  actual  weight  is  125.  This  last  number 
is  inscribed  on  the  stem  at  the  point  of  intersection  with  the  liquid,  and 
the  interval  between  100  and  125  is  divided  into  25  equal  parts,  and 
these  divisions  are  continued  to  the  upper  part  of  the  stem. 

Supposing  that  this  instrument  sinks  in  a  liquid  to  the  130th  divi- 
sion, the  density  x  of  this  liquid  will  be : 

X     _  J^  whence  x  =  0.769 
I  130 

Let  us  examine  now  some  important  questions  regarding  the  are- 
ometers. 

In  all  the  formulas,  that  we  have  given  for  the  reduction  of  areomet- 
ric  degrees  into  corresponding  specific  gravity,  we  have  not  omitted  to 
take  into  consideration  the  decimal  parts  of  the  modulus.  This  decimal 
part  must  not  be  neglected.  It  is  always  well  to  shorten  the  calcula^ 
tions,  but  this  can  be  done  only  if  the  final  results  are  not  altered.  In 
neglecting  the  decimal  part  in  the  modulus  for  the  areometers  of 
Beaum&,  the  results  then  obtained  are  erroneous,  since  they  disagree 
with  the  data  adopted  as  the  basis  of  calculation.  For  example,  in  the 
hydromajor  areometer,  if  we  adopt  for  modulus  144,  we  arrive  at  th? 
conclusion  that  the  density  of  the  acid  SH*0*,  is  equal  to  1 .846  instead 
of  1 .8427  adopted  a  priori  as  a  base  of  calculation. 

The  question  of  the  temperature  of  the  liquids  employed  in  thegrad* 
uation  of  the  areometers  should  not  be  forgotten.  Amongst  the  areom- 
eters, that  we  have  examined,  we  have  found  only  the  instruments  of 
Gay-Lussac  and  the  New  York  Board  of  Health  lactometer,  for  which  any 
mention  is  made  relative  to  the  temperature  of  the  liquids  used  in  their 
graduation.  For  the  lactometer,  we  know  that  ihis  instrument  is  grad- 
uated for  the  temperature  of  60°  Fahr.,  and  we  have  adoptel  this  datum 
as  a  basis  for  our  calculations,  relative  to  this  instrument. 

For  the  following,  I  will  remark,  that  I  have  found  a  gnat  deal  of 
information  in  a  publication  called  *'  La  Sucrcrie  Indigene." 
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The  hydromajor  areometer  of  Beaume,  modified  by  Gay-Lusaac  is 
no  longer  graduated  by  means  of  the  salt  solution  ;  the  two  extreme 
points  are  obtained  with  water  at  the  temperature  of  +4°  C,  and 
monohydrated  sulphuric  acid  at  the  temperature  of  +15**  C. 

Objection  has  been  made,  that  in  the  results  furnished  by  the  are- 
ometer modified  b}'  Gay-Lussac,  there  is  a  discordance,  since  the  two 
extreme  points. are  determined  at  different  temperatures. 

That  this  is  an  apparent  discordance  only,  is  sufficiently  shown  by 
remembering  the  decision  of  Gay-Lussac,  which  is  applied  not  only  to 
the  areometer,  but  to  the  volumeter  and  alcoholometer.  Gay-Lussac 
has  adopted  +15**  C.  as  a  normal  temperature,  and  it  is  for  this  tem- 
perature,  that  the  densities  for  the  areometer  and  alcoholometer  have 
been  calculated. 

It  is  then  easy  to  understand  how  the  zero  of  the  areometer  or  of 
the  alcoholometer  determined  by  means  of  distilled  water  at  -hl5°  C, 
has  a  density  equal  to  1,  the  density  being  here  the  relation  of  the 
weight  of  an  alcoholic  or  acid  mixture  at  +15°  C.  to  the  same  volume 
of  distilled  water  at  +15°  C.  Gay-Lussac  having  adopted  for  a  unit  of 
TohiAie  the  lit^r,  for  which  the  weight  of  distilled  water  at  +15°  C.  is 
999.125  gr.,  the  density  of  an  alcoholic  or  acid  mixture  at  the  degree 
zero  is  identically 

99(U25^^^ 
999.125 
if  it  is  agreed  to  multiply  all  the  results  by  1000. 

Gay-Lussac  obtained  the  numbers,  representing  the  densities,  by  divid- 
ing the  weight,  previously  taken  in  a  vacuum,  of  a  liter  of  the  alcoholic 
or  acid  mixture  at  the  temperature  of +15°  C.  by  the  weight  of  one 
liter  of  distilled  water,  obtained  under  the  same  conditions. 

Several  numbers  have  been  given  as  representing  the  density  of  the 
acid  SH'O*.  These  different  numbers  having  been  adopted  have  fur- 
nished different  results. 

Gay-Lussac  has  admitted,  with  Guyton  de  Morveau  and  Vauguelin, 
that  the  areometer  of  Beaume  marks  66°  in  pure  monohydrated  sulphn- 
rio  acid,  and  to  free  himself  from  any  doubt  about  the  value  of  the  mod- 
ulus, he  determined  the  density  of  this  acid  and  obtained  the  number 
1 .8427. 

Gay-Lussac  says:*  "The  most  concentrated  sulphuric  acid  that  I 
have  obtained,  has  a  density  of  1.8427  at  the  temperature  of  +15°  C." 

The  more  recent  investigations  of  Marignac,  upon  this  subject,  con- 
firm the  number  given  by  Gay-Lussac,  and  if  we  look  at  the  table  pub- 
lished by  Bineau,  we  remark  that  the  66th  degree  of  Beaume  corre- 


♦  Gay-Luasac.     Essai  snr  les  Potasses.     Paria,  1824. 
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sponds  to  sulphuric  acid  fit  tho  density  of  1.842,  the  operation  being 
made  at  -f  15°  C.  This  acid  is  really  the  monohydrated  acid  SH'OV 
Bineau  having  taken  the  precaution  to  give  its  composition. 

Extract  froh  Binbau's  Table. 


Degree 

of  the 

Areometer. 


G6.0 

66.4 
66.6 


The  Temperature  being  0®  C.  The  Temperature  being  +16*^0. 


Density  Monohyd.  Acid  Anh^'dr.  Acid.  Monohyd.  Acid'  Anhydr.  Acid. 


1.842 
1 .846 
1.852 
1.857 


Per  Cent 


91.3 

92.5 

95.0 

100.0 


Per  Cent 


81.6 


In  referring  to  the  table  of  Bineau,  we  see  that  the  same  acid,  hav- 
ing the  same  composition,  has  a  specific  gravity  of  1 .857  at  0°  C,  and 
marks  66°'6.  From  this,  I  think  that  we  will  readily  admit  that  all  the 
discussions  having  arisen  concerning  the  density  of  sulphuric  acid,  are 
due  only  to  a  question  of  temperature. 

Finally  we  will  remark,  that  all  the  densities  furnished  by  the  in- 
struments of  Gay-Lussac,  are  given  as  having  been  obtained  in  a 
vacuum.  In  all  scientific  investigation,  the  density  is  always  represent- 
ed in  this  way,  but  in  industry  the  density  is  understood  to  represent 
the  weight  of  the  unity  of  volume  obtained  in  the  atmosphere,  at  the 
normal  temperature  and  normal  pressure.  For  areometers,  which  are 
instruments  used  extensively  in  industry,  the  question  must  be  asked,  if 
the  density  has  been  obtained  in  the  atmosphere  or  in  a  vacuum.  Al- 
though the  difference  obtained  in  the  two  processes  is  small,  in  some 
cases  this  difference  must  be  taken  into  consideration. 

Let  us  apply  the  two  methods  for  the  hydromajor  areometer  of 

Beaume.     Wo  have  the  formula 

144.319 

144.319- N~ 
in  which  D  represents  the  density  as  obtained  in  a  vacuum.     Let  us  call 

D'  the  same  density  obtained  in  the  atmosphere  at  the  temperature 

of  -hl5°  C.  under  the  pressure  of  760  millimeters. 

If  we  liave  glycerine  marking  28°,  its  density,  obtained  in  a  vacuum,. 

will  be  :  D  =  _li-^-.319_  _ 

U4.319-2S  ~  ^•**^' 
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A  quantity,  which  is  equal  to  the  weight  of  unity  of  volume  of  glycerine 
divided  by  the  weight  of  unity  of  volume  of  water,  these  two  weights 
being  obtained  in  a  vacuum  at  the  temperature  of  +15°  C.  The 
weight  of  unity  of  water  in  this  condition  being  equal  to  0.999125,  we 
will  have,  for  the  weight  of  the  glycerine, 

1.2407X0.999125=  1.239614 
thus  giving :         1.239614  _^  ,  0407 

0.999125^ 
Now  if  we  will  determine  the  density  D'  of  the  same  glycerine,  we 
must  remember  that  all  bodies  lose  in  the  atmosphere  a  fraction  of  their 
weight,  fraction  equal  to  the  volume  of  air  displaced.  We  have  then 
to  substract  from  both  terms  of  the  above  fraction  the  weight  of  a  vol- 
ume of  air  at  ^IS**  C.  under  the  pressure  of  760  millimeters.  This 
weight  being  sensibly  0.0012,  we  finally  obtain  : 

1.2396-0.0012  1.2384 


D'  = 


=  1.2408 


0.999125  -  O.OOli  ""   0.997925 
The  difference  D'-  D  =  O.OOOl. 

Thedifferencs  D'—  D  increases  with  the  density.  If  we  make  the 
same  calculations  for  sulphuric  acid,  whoso  density  obtained  in  vacuum 
at  +15''  C.  is  equal  to  1.8427,  we  obtain  for  the  value  of  D'  1.8437, 
making  a  difference  of  0.001,  a  small  quantity,  but  which  must  not  be 
neglected  in  cases  where  experts  are  called  to  determine  the  correctness 
of  areometers. 


Dejc.B. 

Sp.  Gr. 

Deg.B. 

Sp.  Gr. 

Dcg.B. 

Sp.  Gr. 

Deg.B. 

Sp.  Gr. 

Deg.B. 

Sp.  Gr. 

0 

1.0000 

1 

1.0069 

16 

1.1246 

31 

1,2735 

46 

1.4678 

61 

1.7321 

2 

1.0140 

17 

1.1335 

32 

1.2849 

47 

1.4829 

62 

1.7531 

a 

1.0212 

18 

1.1424 

83 

1.2964 

48 

1.4988 

63 

1.7748 

4 

1.0285 

19 

1.1516  ' 

34 

1.3081 

49 

1.5140 

64 

1.7968 

6 

1.0358 

20 

1.1608 

35 

1.3201 

50 

1.5301 

65 

1.8194 

0 

1.0483 

21 

1.1702 

36 

1.3823 

51 

1.5465 

66 

1.8427 

7 

1.0509 

22 

1.1798 

37 

1.3447 

52 

1.6632 

67 

1.8665 

8 

1.0586 

23 

1.1895 

38 

1.8574 

53 

1.5803 

68 

1.8909 

9 

1.0666 

24 

1.1994 

89 

1.8703 

54 

1.6978 

69 

1.9161 

10 

1.0744 

25 

1.2095 

40 

1.3884 

55 

1.6157 

70 

1.9418 

11 

1.0825 

2» 

1.2197 

41 

1.8968 

56 

1.6340 

71 

1.9683 

12 

1.0906 

27 

1.2301 

42 

1.4104 

57 

1.6527 

72 

1.9955 

13 

1.0989 

28 

1.2407 

43 

1.4244 

58 

1.6719 

73 

2.0236 

11 

1.1074 

29 

1.2514 

44 

1.4386 

59 

1.6915 

74 

2.0523 

16 

1.1159 

30 

1.2324 

1 

45 

1.4530 

60 

1.7115 

75 

2.0819 

The  above  table  shows  the  specific  gravity  corresponding  to  the  de- 
grees of  Beaume  for  liquids  heavier  than  water  at  the  temperature 

of +15°  a 

The  volume  of  the  areometer  at  +15°  C.  is  equal  to  144.319. 
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LIX. — Ok  fHB  SoLUBiLirr  of  Arsknio  Tsiozide  in  Coffek  Dboootionb. 

BY  CHARLES  McINTlRE,  A.  M.,  M.  D. 
[rrelimlnary  Notice.] 

The  solubility  of  arsenic  trioxide  was,  for  a  long  time,  a  property 
Tery  indefinitely  defined,  on  account  of  the  disagreement  of  the  re- 
sults obtained  by  the  many  investigators.  Prof.  Wormley,  in  his 
"Micro-Chemistry  of  Poisons,"  details  some  experiments  which  dear 
the  subject.  He  has  shown,  that  a  very  slight  variation  of  the  condi- 
tions in  performing  the  experiment  exerts  a  great  influence  on  the  de- 
gree of  solubility ;  so  that  now  one  is  able  to  harmonize  many  of  the 
previously  obtained  results. 

The  solubility  of  the  oxide  in  the  presence  of  organic  material  has 
received  but  little  attention  by  the  writers  on  toxicology,  being  usual- 
ly dismissed  with  the  statement,  that  the  presence  of  organic  matter  de- 
creases the  solvent  power  of  the  liquid.  Taylor  (on  Poisons,  3d  Am. 
Ed.  287),  quoting  from  Guy's  Hospital  Reports  IV,  103,  says:  "The 
presence  of  organic  matter  in  a  liquid  renders  the  poison  much  less 
soluble.  Thus  hot  tea,  with  milk  and  sugar,  and  cold  porter  did  not 
take  up  more  than  half  a  grain  to  the  ounce ;  while  hot  coSee  and  cold 
brandy  did  not  dissolve  more  than  one  grain  to  the  fluid  ounce." 

Christison  (1st  Am.  Ed.  202),  speaking  of  its  solubility  in  organic 
matter,  says :  "  I  have  found  that  a  cup  of  tea,  left  beside  the  lire  at  a 
temperature  of  200^  for  half  an  hour  upon  two  grains  of  the  oxide,  does 
not  take  up  entirely  even  that  quantity."  Other  authors  confirm  these 
figures  by  their  assertion. 

In  a  case  of  poisoning  by  arsenic,  on  trial  in  Northampton  county, 
Penn.,  at  the  August  term  of  1876,  the  defendant,  Laros,  administered 
the  arsenic  by  placing  it  in  the  coffee  pot,  in  which  was  being  boiled  the 
coffee  for  the  evening  meal.  Some  of  this  coffee  decoction  was  saved, 
and  upon  analysis  I  found  it  to  contain  1  part  of  the  oxide  to  39  of 
menstruum,  or  about  ]2|^  grains  to  the  fluid  ounce.  As  this  was  so 
much  larger  than  the  solubility  quoted  above,  I  made  a  few  determina- 
tions before  the  trial,  and  a  few  more  since,  to  determine  a  little  more 
accurately  the  solubility  of  arsenic  trioxide  in  coffee.  It  was  my  inten- 
tion to  increase  the  series  considerably,  tracing  the  effect  of  varying 
quantities  of  organic  matter  upon  the  solubility,  and  experimenting  with 
othor  substances  than  coffee ;  other  duties,  however,  prevent  me  from 
giving  the  proper  laboratory  attention  at  present,  hence  a  preliminary 
paper.  Two  decoctions  of  coflTee  were  prepared,  by  boiling  50  and  25 
grammes  of  coarsely  ground  coffee  in  a  liter  of  water.  The  arsenic 
trioxide  used  was  powdered,  one  specimen  being  furnished  by  Messrs. 
Eimer  &  Amend,  another  marked  "  pure  "  coming  from  Messrs.  Charles 
r.  White  i^'  ^^'^ 
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When  using  the  Eimer  &  Amend  specimen,  the  arsenic  was  de- 
termined as  a  sulphide.  Since  the  sulphhydrio  acid  precipitated  at  the 
same  time  the  coloring  matter  of  the  coffee,  this  amount  was  approx- 
imately determined  by  submitting  the  coffee  decoction  to  the  action  of 
the  sulphhydric  acid,  and  substracting  the  weight  of  the  precipitate  thus 
obtained  from  the  arsenic  tersulphide  precipitates.  This  crude  method 
was  devised  to  obtain  comparative  results  in  time  for  the  trial.  In  the 
other  experiments  (on  the  C.  T.  White  &  Co.  oxide),  the  organic  matter 
was  destroyed  by  potassium  chlorate  and  hydrochloric  acid,  and  the 
arsenic  determined  as  magnesium  ammonium  arseniate :  using  the  pre- 
cautions given  by  Fresenius,  since  I  had  not  had  the  opportunity  to  test 
the  recent  changes  proposed  in  this  method. 

Calling  the  decoction  made  from  50  grammes  of  coffee  A,  and  that 
from  25  grs.  B,  the  following  table  shows  the  results  obtained  by  boil- 
ing 5  grammes  of  arsenic  trioxide  in  50  C.C.  of  the  decoction  for  the 
time  specified. 

A. 

Dissolved  of 
Eimer  db  Amend's  C.  T.  White  &  Co/s 

Boiled  f.ir  SpecimeD.  Specimen. 

One  hour 1  part  in  19.35  1  part  in  22. 0 

Half  hour I     "     "26.9  1     "    "25.13 

B. 

One  hour 1  part  in  18 . 4  1  part  in  1 6. 44 

Half  hour 1     "     "21.4  1     "     "25.15 

One  gr.  of  the  oxide  was  boiled  for  an  hour  with  40  c.c.  of  A  and 
of  B,  and  the  solubility  of  the  Eimer  &  Amend  specimen  is  repre- 
sented by  1  part  in  48,  and  1  part  40.6  parts  respectively. 

The  boiling  was  done  in  small  flasks  covered  with  watch-glasses, 
while  the  evaporated  water  was  replaced  from  time  to  time.  The 
flasks  were  placed  on  a  piece  of  backed  gauze,  heated  directly  with  a 
Bunsen  burner.  It  was  quite  difficult  to  perfectly  adjust  the  size  of 
the  flame,  so  that  the  boiling  of  some  was  not  carried  on  more  violently 
than  were  others,  and  this  may  be  a  source  of  error  in  a  substance  so 
varying  in  solubility.  A  measured  portion  was  filtered  immediately  at 
the  expiration  of  the  time,  and  the  determination  made  in  this  portion. 

There  are  not  experiments  enough  recorded  to  draw  very  definite 
conclusions,  but  this  much  I  think  is  apparent: 

1 .  The  old  statement,  that  organic  matter  hinders  the  solution  of 
arsenic,  is  confirmed,  and  the  greater  the  amount  of  organic  matter  pres- 
ent, the  less  the  solubility.  These  results  however  are  not  as  high  as 
Prof.  Wormloy's,  obtained  from  experiments  on  like  proportions. 
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2.  The  absolute  solability  in  oi^anic  ma^er  is  much  greater  than 
has  heretofore  been  stated  ;  so  that  large  quantities  of  arsenic  trioxide 
can  be  dissolved. in  cofiee  at  least. 

3.  That  the  presence  of  the  organic  matter  does  not  interfere  with 
the  usual  influence  of  other  conditions,  e.^.  varying  proportions  of  ox- 
ide  to  solvent,  length  of  time  of  boiling,  &c.,  the  same  general  relation 
being  maintained,  as  when  no  coffee  is  present. 


LX. — Proceedinob. 

Regular  Meeting,  Thursday,  September  6,  1877,  8  o^elodc  P.  M. 

No  quorum  was  present.  The  papers  of  E.  F.  Smith,  Ph.  D.» 
on  the  Determination  of  Phosphorus  in  Cast  Iron,  and  Prof.  Chas. 
A.  Goessmann,  Contributions  from  the  Agricultural  Laboratory, 
were  read.    Adjourned. 

M.  ALSBERG,  Recording  Secretary  pro  temp. 


LXI. — Detbrmination  of  Phosphorus  in  Cast  Iron. 

BY  EDGAR  F.  SMITH,  Pb.  D., 
Aasittani  in  Anal,  Okemutry,  Univ,  Pcnria. 

Recently  an  article  appeared  in  "  Fresenius'  Zeitschrlft  fur  Anal. 
Chemie,"  2  Heft,  p.  1.74,  1877,  upon  the  estimation  of  phosphorus  in 
iron  ores,  in  which  the  writer  calls  attention  to  the  different  percentages 
of  phosphorus  obtained,  when  the  ore  was  dissolved  in  nitric  acid,  and 
when  aqua  regia  was  employed  as  a  solvent.  In  conclusion,  others  are 
advised  not  to  use  aqua  regia,  as  in  this  case  some  phosphorus  will 
evidently  be  lost. 

I  had  occasion  to  make  a  number  of  similar  detenninations  and 
noticing  the  varying  percentages,  had  several  tests  made  to  ascertain 
about  what  amount  of  phosphorus  was  volatilized. 

The  following  analyses,  made  with  both  nitric  acid  and  aqua  regia, 
were  carried  out  by  H.  B.  Stephens,  S.  B.,  to  whom  I  would  express 
thanks  for  his  readmess  and  care  In  performing  this  work. 

First  Experim.ent,  5  grm.  cast  iron  were  placed  in  a  rather  large 
beaker,  and  provided  with  a  cover,  and  nitric  acid  then  added.  After  the 
first  viDlent  action  had  ceased,  the  beaker  was  placed  upon  a  water  bath 
and  gently  warmed,  and  finally  its  contents  was  evaporated  to  dryness. 
The  residual  mass  was  moistened  with  a  little  nitric  acid  and  water,  and 
the  solution  then  filtered  from  the  insoluble  portion,  which,  afler  thorough 
washing  and  drying,  was  fused  together  with  sodium  carbonate.  The 
fused  mass  was  treated  with  nitric  acid  and  water,  then  evaporated  to 
dryness  to  render  the  silicic  acid  insoluble.  The  silicic  acid  was 
moistened  with  a  few  drops  of  nitric  acid  and  some  water,  and  the  liquid 
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filtered  and  abided  to  the  first  nitric  acid  solution,  above,  and,  after  oon- 
oentration,  an  excess  of  ammonium  molybdate  was  added,  and  the  liquid 
allowed  to  stand  twenty-four  hours.  The  yellow  precipitate,  that  had 
formed,  was  filtered  and  well  washed  with  a  molybdenum  solution,  and 
then  dissolved  in  cold  ammonium  hydrate.  To  this  solution,  rendered 
almost  neutral  by  the  addition  of  hydrochloric  acid,  a  magnesia  solution 
was  added.  The  precipitated  ammonium-magnesium  phosphate  was 
redissolved  and  again  precipitated.     It  was  perfectly  white. 

Percentage  of  phosphorus  obtained =0.296%. 

Second  Experiment.  In  a  rather  large-sized  flask,  provided  with  a 
doubly  perforated  cork,  were  placed  5  grm.  of  the  same  ore  as  in  Ex- 
periment 1 .  Through  one  perforation  of  the  cork  passed  a  funnel  tube 
touching  the  bottom  of  the  flask,  while  in  the  second  perforation  was 
fitted  a  glass  tube,  which,  after  being  bent  at  right  angles  several  times, 
dipped  into  a  jar  containing  a  solution  of  bromine  in  cone,  hydro- 
chloric acid.  After  securing  the  various  parts  of  the  apparatus,  aqua 
regia  was  admitted  into  the  flask  through  the  funnel  tube.  The  action 
at  first  was  rather  violent.  When  this  ceased,  the  flask  was  very  care- 
fully heated,  and  as  there  was  no  longer  any  preceptible  evolution  of  gas, 
the  apparatus  was  disconnected.  The  contents  of  the  flask  were  treated 
precisely  as  in  Experiment  1.  The  percentage  of  phosphorus  obtained 
from  this  portion  amounted  to  0.1d4%* 

The  hydrochloric  acid  solution  containing  bromine  was  carefully 
washed  from  the  jar  into  a  casserole,  and  evaporated  to  dryness  upon  a 
water  bath.  A  slight  residue  remained,  which  was  taken  up  with  a  few 
drops  of  hydrochloric  acid.  A  little  ammonium  hydrate,  then  added,, 
formed  a  small  precipitate,  which  appeared  to  be  iron,  and  was  dis- 
solved in  nitric  acid.  To  this  solution  was  added  ammonium  molyb- 
date. After  standing  twelve  hours,  a  large  precipitate  had  formed, 
which,  treated  as  before  described,  gave  O.lOSyo  phosphorus.  This 
percentage  added  to  that  obtained  from  the  residue  remaining  in  the 
flask,  would  about  equal  the  amount  found  in  the  portion  treated  with 
nitric  acid. 

Aqua  regia :  0.1  S4%  P. +  108%  P.  caught  in  jar =0.292%  P. 
Nitric  acid  solution  gave 0.296%  P. 

All  the  reagents  used  in  these  experiments  were  examined  for  phos- 
phorus before-  being  employed  in  the  analyses. 

Third  Experiment.  5  grm.  cast  iron  dissolved  in  nitric  acid  gave 
0.1292%  phosphorus. 

Fourth  Experiment,  5  grm.  cast  iron  dissolved  in  aqua  regia,  using 
a  flask  and  bromine  solution,  gave  0.1  Oy©  P. + portion  volatilized^ 
0.03%  P.=0.13%. 

Aqua  regia.  Nitric  acid. 

.10-h.03=0.13%  P.  0.1292%  P. 
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These  results  confirm  merely  the  experiments  of  Stiickmann,* 
yet  I  present  them  to  the  Society,  thinking  that  they  may  probably 
be  of  some  interest  to  others,  engaged  in  cast  iron  analyses. 


LXII. — Contributions  from  the  Agricultural  Laboratory. 

BY  CHARLES  A.  GOESSMANN. 

1.  Analysis  of  Onions. 

The  following  analysis  was  carried  out,  under  my  direction,  by 
Messrs.  Charles  Wellington  and  E.  B.  Bragg.  Air-dry  onions,  without 
the  leaves,  were  found  to  consist  of: 

Water  (at  100^  to  1 10°  C.) 89.20  per  cent. 

Dry  vegetable  matter 10 .80       " 

and  contained  the  following  amounts  of — 

Nitrogen 0.212  per  cent. 

Sulphur 0.048 

Ash 0.436 

The  percentages  of  the  principal  constituents  of  the  ash  were : 

Potassium  oxide 38 .  51  per  cent. 

Sodium  oxide '. 1 .90        " 

Calcium  oxide 8.20 

Magnesium  oxide 3 .  65        '^ 

Sesquioxide  of  iron 0 .  58       '^ 

Silicioacid 3.33 

Phosphoric  acid 15.80 

Sulphuric  acid  not  determined. 

2.  Urinary  Secretions, 

Urinary  Calculi. — The  concretion  was  taken,  during  a  post  mortem 
examination,  from  the  bladder  of  a  farmer,  who  had  been  suffering  for 
two  years  previous  to  his  death.  I  found  the  entire  weight  of  the  fresh, 
yet  dry  calculi  nearly  six  ounces.  The  largest  specimen  was  of  the 
size  of  a  small  hen's  egg;  all  had  a  laminated  structure.  The  di^erent 
layers,  which  varied  in  color  from  white  to  bluish  gray  when  fresh, 
separated  readily  from  each  other  afler  exposure  to  the  air.  An  analysis 
by  Mr.  John  F.  Winchester,  gave  the  following  results : 
One  hundred  parts  of  a  large  sized  stone  consisted  of: 

Moisture,  organic  and  volatile  matter 41 .08  parts. 

Ash  constituents 58 .  83      ** 


FreseniOB*  Zeitschrift  (Or  Chemle,  2  Heft,  1877. 
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The  ash  contained ; 

Phosphoric  acid « • 28 .  02  parts. 

Calcium  oxide 21 .  47     " 

Magnesium  oxide • 7 .  82     " 

Carbonic  acid 1 .  60     " 

The  organic  and  volatile  matter  contained  : 

Nitrogen 2.84  parts, 

which  was  present  partly  as  actual,  partly  as  potential  ammonia,  name- 
ly:  2.73  parts  as  actual  ammonia  (=3.32  parts),  and  0.110  parts  as 
potential  ammonia  (=  0.133  parts).  The  calculi  consisted  thus  evi. 
dently  of  the  following  compounds : 

Neutral  phosphate  of  lime -30.80  parts. 

Ammonia  magnesium  phosphate 56. 88     *^ 

Carbonate  of  lime 8.54      " 

Organic  matter  and  moisture 3 .  78     '^ 

Total 100 

A  small  quantity  of  organic  matter,  containing  nitrogen,  had  served 
for  the  cementation  of  the  partly  crystallized  mineral  substances. 

The  calculi  above  described,  are  mainly  remarkable  for  their  ex* 
traordinary  size ;  as  they  are  of  a  quite  frequent  occurrence,  as  far  as 
their  composition  is  concerned. 

3.  Mineral  Constituents  of  Urine, 

In  the  following  lines,  I  intend  to  report  some  analyses  regarding 
the  essential  mineral  constituents  of  the  urine  from  the  cow  and  horse. 
One  thousand  parts  of  the  fresh  urine  contained  the  following  quan- 
tities of  essential  mineral  constituents : 

Cow.  Horse. 

Potassium  oxide 17.49  10.74  parts. 

Sodium  oxide 0.46  0.44      " 

Calcium  oxide 0.69  1.36      " 

Magnesium  oxide. 0.40  1 .87      " 

Phosphoric  acid 0.10  0.04      " 

Sesquioxideofiron... ....       0.10  0.02      " 

Silicic  acid not  determined  0 .  29      " 

Chlorine  and  sulphuric  acid  not  determined. 

The  first  stated  analysis  was  made  at  my  request,  by  Mr.  W.  P. 
Brooks,  and  the  second  one  by.  Mr.  J.  F.  Winchester. 

The  cow  had  been  fed  with  from  one  to  two  pounds  of  Indian  meal 
and  one  peck  of  turnips  per  day,  with  all  the  hay  wanted ;  and  the 
horse  had  received  daily  from  six  to  eight  quarts  of  Indian  meal,  and  all 
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the  haj  wanted.  No  particular  instruction  regarding  the  feeding  had 
been  given;  nor  had. any  particular  part  of  the-daj  been  assigned  for 
collecting  the  material  which  served  for  our  examination. 

According  to  E.  WolflT,  the  different  kinds  of  food  given  contain 
the  following  amount  of  mineral  matter :     . 

Haj 6.66  per  cent. 

Indian  meal 1 .23      " 

Turnips 0.75       " 

These  mineral  constituents  contain,  on  an  average,  in  the  case  of, 

Hay.  Corn  Meal.         Tarnips. 

Potassiumioxide 25.68  26.83  40.00 

Sodium  oxide.............     7.06  1.62  10.66 

Calcium  oxide .. : 11.56  2.44  10.66 

Magnesium  oxide 4.90  14.62       '       4.00 

Phosphoric  acid. . . ; . .  ^; ; . .     6.16  44.00  13.30 

Silicic  acid 29.58  0.81  2.66 

&c.  &c.  dsc.  &c. 

In  comparing  the  relative  proportions  of  the  mineral  elements  as 
found  in  the  food  consumed,  with  those  found  in  the  above  reported  two 
analyses  of  two  samples  of  urine,  we  notice  at  once  a  striking  differ- 
ence. It  is  plain  that  in  one  case  of  feeding,  the  larger  portion  of  alka* 
line  earths,  lime  and  magnesia,  and  practically  the  entire  amount  of 
phosphoric  acid  of  the  food,  must  have  been  separated  by  a  different 
•channel  than  the  kidneys.  The  samples  of  urine  we  tested  belong  to 
the  true  type  of  what  is  usually  considered  the  normal  urine  of  domes- 
ticated herbiV^orous  animals  under  customary  rules  of  support ;  both 
i¥ere  slightly  alkaline  and  somewhat  turbid  when  fresh  collected. 

4.   Owaaeo  Gh/psum, 

The  Owasco  gypsum  bed,  according  to  a  circular  on  hand,  is  located 
on  the  east  bank  of  the  Owasco  creek,  near  Port  Byron,  Cayuga  coun- 
ty, N.  Y.  A  printed  analysis  states  the  following  composition  of  the 
gypsum : 

Moisture 5 .  00  per  cent. 

Phosphate  of  lime 7 .  55        " 

Sulphate  of  lime 60.05        " 

Magnesia 14 .  50 

Alumina ..••.•• 8 .  60 

Silica 3.10 

Proto-oxide  of  iron , 1 .  20 


100.00 
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The  singular  composition,  ascribed  to  a  gypsum  rock,  as  well  as  the 
peculiar  mode  of  stating  the  composition  of  a  material  recommended 
for  fertilizing  purposes,  induced  me  to  subject  the  gypsum  to  an  exam- 
ination, and  to  ascertain  its  value.  The  material,  which  served  for  an 
analysis  was  represented  as  a  genuine  average  sample  of  the  ground 
rock.  The  gypsum  deposit,  judging  from  specimens  on  hand,  consists 
partly  of  dark  colored  masses  of  considerable  thickness,  partly  of  thin, 
white  layers  of  a  more  friable  nature ;  the  latter  are  usually  separated 
from  each  other  by  a  bluish  earthy  mass  of  varying  thickness.  The 
^ound  gypsum,  as  offered  for  sale,  was  apparently  a  mixture  of  both 
kinds  of  the  rock,  a  fact  which  accounts  for  9ome  of  the  differences  no- 
ticeable between  the  printed  representation  of  its  chemical  composition 
And  the  results  of  an  analysis,  made  under  my  direction,  by  Mr.  G.  N. 
Cullum. 

One  hundred  parts  were  found  to  contain,  soluble  in  diluted  hydro- 
chloric acid. 

Sulphuric  acid 22,20  per  cent. 

Calcium  oxide 19.89       " 

Magnesium  oxide 5 .  24        '* 

Sesquioxide  of  iron  and  alumina 1.05        ^ 

The  unaccounted  portion  consisted  of  carbonic  acid,  organic  matter, 

clay  and  water.    These  results  prove  that  the  valuable  portion  of  the 

material  tested,  consists  of — 

Gypsum  (crystallized) 45 .74  per  cent. 

Carbonate  of  lime 7.77        " 

Carbonate  of  magnesia 1 1 .00       ^^ 

Considering  only  the  amount  of  sulphate  of  lime  present,  the  value 
as  a  fertilizer  of  this  article  is  not  very  great,  but  the  diffusion  of  a 
comparatively  large  quantity  of  organic  matter  throughout  the  dark  part, 
as  well  as  the  very  friable  nature  of  its  white  layers,  with  the  admix- 
ture  of  a  fine  clayish  marl,  favor,  no  doubt,  its  disintegration  and  solu- 
bility, and  give  it  a  preference  to  other  purer  but  harder  varieties.  At 
the  same  time  the  presence  of  carbonate  of  magnesia  favors  the  speedy 
distribution  of  the  sulphuric  acid  in  the  soil,  as  in  the  presence  of  car- 
bonic acid,  carbonate  of  magnesia  acts  on  sulphate  of  lime,  forming  car- 
bonate of  lime  and  sulphate  of  magnesia,  which  has  been  found  for  cer- 
tain plants  to  be  as  good  a  fertilizer  as  gypsum. 

5.   Composition  of  Cheese. 

The  following  analyses  were  made,  at  my  suggestion,  by  Mr.  E.  B. 
Bragg,  for  the  purpose  of  ascertaining  the  relative  percentage  of  fat  and 
casein  contained  in  the  articles  stated. 
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I.  * 

Fat 37.38 

Casein 22.13 

Ash  constituents S,39 

Water  and  volatile  or- 
ganic matter 37 .  10 


II. 

III. 

18.35 

31.66  per  cent. 

28.63 

25.94 

4.64 

4.60    " 

49.18 

37.90 

100  100  100 

Sample  No.  1  was  taken  from  whole  milk  cheese,  made  from  th& 
milk  of  the  Jersey  breed,  and  kindly  procured  by  Professor  Arnold,  of 
Rochester,  N.  Y.,  Secretary  of  the  American  Dairyman's  Association. 

Sample  No.  2  was  sent  on,  for  examination,  by  E.  T.  Ellsworth, 
Esq.,  of  Barre,  Mass.,  and  according  to  statement,  manufactured  from 
skimmed  milk,  with  an  addition  of  buttermilk. 

Sample  No.  3  was  kindly  furnished,  at  my  solicitation,  by  H.  D. 
Gardner,  Esq.,  of  McLean,  N.  Y.,  and  represented  as  a  specimen  of 
genuine  oleomargarin  cheese,  ard  was  about  ten  months  old  when  tested. 
The  analytical  results,  although  secured  with  great  care,  have  only  a  com- 
parative value.  A  good  cheese  contains  usually  fat  and  casein  in  sim- 
ilar relative  proportion  as  the  material  which  served  for  its  manufac- 
ture. Time  alters  invariably  the  original  composition  of  the  cheese,  in- 
dependent of  the  variations  in  moisture. 

The  question  of  cheapening  the  cost  of  cheese  has  of  late  engaged 
considerable  attention.  Various  propositions  have  been  advanced  in 
this  connection  ;  some  of  them  have  already  been  introduced  into  prac- 
tice with  more  or  less  encouraging  prospects  of  success. 

A  number  of  samples  of  cheese  were  expressly  made,  at  my  sugges- 
tion, by  Th.  P.  Root,  Esq.,  of  Barre,  Mass.,  for  the  purpose  of  ascer- 
taining the  composition  of  the  cheese  produced  from  the  same  quality 
of  milk  under  similar  treatment,  after  more  or  less  of  the  cream  had 
been  separately  collected.  For  the  subsequent  detailed  statement  of 
the  management  and  the  results  of  the  entire  operation,  1  am  indebted 
to  Mr.  Root.  The  analyses  have  been  carried  out,  under  my  direction^ 
by  Messrs.  E.  B.  Bragg  and  C.  S.  Howe,  assistants  in  the  chemical  depart- 
ment of  the  Massachusetts  Agricultural  College.  The  milk,  which 
served  for  the  experiment,  was  taken  from  about  40  cows — Grade-Dur- 
ham— on  the  17th,  18th,  and  the  morning  of  the  19th  of  October  last, 
to  allow  the  making  of  the  cheeses  on  the  same  day.  The  rennet  ap- 
plied was  prepared  in  the  following  manner :  each  rennet  was  digested 
for  twenty-four  hours  with  one  quart  of  water ;  the  solution  being  re- 
moved, the  operation  wan  repeated  with  two-thirds  of  the  water  after 
salting  and  rubbing  the  rennet ;  both  eztraelB  were  mixed.  One  pint 
of  this  liquid  was  added  to  one  thousand  pounds  pf  milk ;  in  case  of 
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sKim  milk,  the  mass  was  raised  to  78^  Fahr.,  in  case  of  whole  milk  to- 
82°  Fahr.,  when,  in  about  from  twenty  to  thirty  minutes,  the  milk  be- 
gins to  set.  After  keeping  it  for  one  hour,  or  until  hard  enough  to  per- 
mit cutting,  the  curd  was  cut  with  a  knife  into  small  pieces.  Subse- 
quently the  temperature  was  raised  as  high  as  98^  Fahr.,  and  the  mas<« 
occasionally  worked  with  the  hands  to  prevent  its  forming  lumps,  until 
it  had  become  quite  hard.  At  this  stage  of  the  operation  the  whey 
was  drawn  off;  the  curd  taken  into  the  sinks  and  salted  with  four  ounces 
of  salt  for  every  one  hundred  pounds  of  milk  used.  The  mass  was  then 
put  in  the  press  and  kept  there  for  about  22  hours,  when  it  was  removed 
to  the  drying-room,  where  it  was  kept  until  it  was  sold.  The  drying- 
room  has  been  held  at  a  temperature  from  70°  to  80°  Fahr.  In  case  of 
new  milk  cheese,  the  temperature  has  been  maintained  at  70°  Fahr.,  and 
in  case  of  the  skimmed  milk  cheese,  at  from  75°  to  80°  Fahr.  The 
buttermilk  has  been  put  back  in  each  instance  of  skimmed  milk,  to  serve 
in  the  manufacture  of  the  cheese.  Five  different  cheese  were  manufac- 
tured. 

Sample  No.  I. — From  whole  milk. 

Sample  No.  II. — From  milk  skimmed  after  twelve  hours  standing. 

Sample  No.  III. — From  milk  Ikimmed  after  twenty-four  hours  stand- 
ing. 

Sample  No.  IV. — From  milk  skimmed  after  thirty-six  hours  stand- 
ing. 

Sample  No.  V. — From  milk  skimmed  after  forty -eight  hours  stand- 
ing. 

One  hundred  parts  of  the  cheese  contained : 

I.  II.  III.  tV.  V. 

Moisffure 85.83  87.80  42.24  48.95  45.41 

Fat 31.84  27.81  23.42  17.67  15.77 

Casein 26.69  80.87  81.99  88.24  84.94 

JSltrogen— total 4.27  4.86  5.12  5.82  5.52 

The  entire  amount  of  nitrogen  found  in  each  case  has  been  calcu- 
lated as  casein,  which,  although  somewhat  arbitrary,  does  not  alter  the 
\>ractical  value  of  the  conclusion  we  may  draw  from  the  comparative 
consideration  of  the  results.  The  analyses  have  been  made,  as  far  as 
practicable,  at  the  same  time,  about  four  months  after  the  making  of  the 
cheese. 
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6.94 

8.42 

10. 

88. 

10.86 

The  products  obtained  from  the  milk  skimmed  afler  twelve  and 
twenty-four  hours  standing  have  proved  the  most  profitable  from  a 
commercial  standpoint,  finding  also  a  more  ready  sale  than  the  remaining 
skimmed  milk  cheese. 

Amherst,  Mass.,  June  13th,  1877. 


LXIII. — Proceedings. 
Regular  Meeting,  Thursday^  October  4th,  1877,  at  8  o'clock  P.  M. 

After  reading  the  paper  of  Mr.  Casamajor,  the  meeting  was 

adjourned. 

M.  ALSBERG,  Recording  Secretary, 


LXIV. — Ok  thb  Existence  op  a  Connection   between   Electricitt 

AND  the  Motions  of  Camphor  on  Water, 

BY  P.  CASAMAJOR. 

Yon  are  doubtless  familiar  with  the  singular  motions  of  camphor 
when  placed  on  the  surface  of  water,  which  are  of  such  extraordinary 
nature  as  to  attract  the  attention  of  even  the  most  careless  observer. 
Very  eminent  philosophers  have  studied  these  wonderful  gyrations,  but 
little  has  resulted  from  their  labors  to  explain  the  cause  of  this  pheno- 
menon. Among  those  who  have  worked  on  the  subject  we  find  the 
great  Volta ;  we  also  find  Venturi,  BrugnatcUi,  Fourcroy,  Biot,  Mat- 
teucci,  and  Dutrochet.  Mr.  Charles  Tomlinson,  who  has  given  great 
attention  to  the  subject,  published,  in  1863,  a  work,*  in  which  he  gave 
a  full  account  of  previous  labors  of  eminent  physicists  and  chemists  on 
these  motions  of  camphor,  to  which  he  added  many  interesting  experi- 


*  "  Experimental  E8sa3-s.     I.  On  the  Motions  of  Camphor  on  the  Surface  of 
Water."    By  Charles  Tomlinson.     Virtue  Brothers  <b  Co.     London,  1863. 
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ments  of  his  own.     I  cannot  do  better  than  advise  those,  who  wish  to 
study  the  history  of  the  subject,  to  consult  this  excellent  book. 

I  find  in  this  work,  that  in  1748  Romieu  communicated  to  the  Royal 
Society  of  Montpellier  his  observations  on  camphor,  in  which  he  ad- 
vanced the  idea  that  electricity  is  the  cause  of  these  singular  motions. 
Romieu  states  that  camphor  does  not  rotate  on  the  surface  of  water 
placed  in  vessels  of  iron  or  copper,  but  the  experiment  succeeds  very 
well  in  those  made  of  glass,  sulphur,  or  resin.  He  also  states  that, 
while  camphor  is  spinning  in  these  vessels,  it  is  arrested  if  the  surface 
Is  touched  with  the  finger,  with  iron  or  brass  wire,  or  a  rod  of  wood  ; 
but  glass,  sealing-wax,  or  sulphur  cannot  arrest  these  motions. 

This  idea  that  the  motions  of  camphor  on  water  are  due  to  electric- 
ity has  met  with  the  disapprobation  of  all  subsequent  observers,  among 
whom  may  be  found  the  names  of  men,  who  are  famous  in  the  history 
of  electricity.  Notable  among  those  is  Alessandro  Volta,  who  made 
several  experiments  to  show  that  electricity  had  nothing  to  do  with 
these  motions. 

Now,  I  propose  to  show  you  this  evening,  that  there  is  an  evident 
connection  between  electricity  and  these  motions  of  camphor,  and,  as 
Volta  and  other  eminent  philosophers  are  unanimous  in  asserting,  that 
there  is  no  such  connection,  I  may  be  allowed .  to  say  that  in  the  experi- 
mental sciences  there  is  no  authority  of  as  much  value  as  a  fact,  if  the  fact 
has  been  well  observed.  I  propose,  therefore,  to  show  you  the  facts,  and 
you  are  to  be  the  observers.  These  facts  naturally  lead  to  the  conclu  • 
sion,  that  tlie  remarkable  motions  presented  by  camphor  on  the  surface 
of  water  are  electrical  phenomena.  1  am  not  prepared  at  present  to  go 
beyond  presenting  these  facts,  and  drawing  from  them,  what  seems  an 
Inevitable  conclusion.  The  phenomena  which  accompany  these  motions 
of  camphor  are  very  complex,  and  they  have  stubbornly  resisted  every 
attempt  on  my  part  to  bring  them  under  a  general  theory.  I  am  in  the 
hope,  however,  that,  what  I  have  to  present  this  evening,  may  serve  to 
elucidate  this  interesting*  subject. 

Camphor  is  not  the  only  substance  which  moves  spontaneously  on 
the  surface  of  water.  Volta  discovered  the  same  property  in  benzoic 
and  succinic  acids.  Others  have  added  the  stearoptcnes  of  essential 
oils,  the  butyrates  of  soda  and  potassa,  carbolic  acid,  and  citric  acid ;  * 
even  pieces  of  cork  soaked  in  other  will  exhibit  the  same  phenomenon 
for  a  short  time.  Naphthulen  is  mentioned  in  some  books  as  possessing 
the  same  property,  but  I  have  found,  that  it  has  not.f    These  substances, 

*  Henco,  as  enggested  by  Tomlinson,  a  qnick  way  of  distioguiBhing  citric  from 
tartaric  acid,  which  does  not  possess  this  projierty. 

\  Id  hydrate  of  chloral,  I  have  found  thtf  samo  property  in  a  marked  degre:>. 
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trith  the  exoeption  of  the  stearoptenes,  are  heavier  than  water,  and  thp)r 
are  with  difficulty  kept  afloat ;  they  are  also  more  soluble,  than  is  qpit& 
convenient  for  the  experimenter.  As  they  behave  exactly  in  the  same 
manner  as  camphor  towards  electricity,  I  will  confine  my  remarks  U> 
camphor,  as  I  have  almost  entirely  confined  my  experiments  to  this- 
substance. 

If  we  throw  pieces  of  camphor  in  water,  they  rise  to  the  surface, 
and,  if  the  conditions  are  favorable,  they  will  move  on  the  yrater  as  if 
gifted  with  life.  The  larger  fragments  have  slower  motions  than  the 
smaller,  which  is  due  to  their  greater  inertia;  for  if  we  sprinkle  the  sur- 
face of  the  water  with  lycopodium,  afler  the  ingenious  idea  of  Mr.  Tom- 
linson,  we  will  fmd  that  the  currents  that  set  from  the  larger  pieces  are 
stronger,  than  from  the  smaller.  The  mobility  of  the  liquid  being 
greater  than  that  of  the  larger  pieces,  the  liquid  moves  away  from  the 
camphor.  The  shapes  of  the  fragments  of  camphor  have  a  great  in- 
fluence on  the  rapidity  of  their  motions.  A  spherical  piece  will  exhibit 
very  little  motion,  while  an  elongated  piece  of  the  same  volume,  ter- 
minated by  two  pointed  pyramids,*  will  rotate  with  the  greatest  energy* 

Very  often  the  conditions,  under  which  the  motions  take  place,  do- 
not  exist,  and  camphor  remains  perfectly  quiet  on  the  surface  of  the 
water.  It  has  generally  been  supposed,  that  when  this  happened,  the 
surface  of  the  water  was  covered  with  a  film  of  dirt — either  oil,  dust, 
or  something  else — which,  for  some  reason,  prevented  the  gyration  from 
taking  place.  If,  however,  we  keep  the  same  water  in  a  glass  for  sev- 
eral days,  and  place  in  it  at  different  times  fragments  of  the  same  pieces 
of  camphor,  we  will  sometimes  have  motions,  and  at  other  times  not, 
which  points  to  the  conclusion,  that  these  irregularities  are  independent 
of  the  camphor,  of  the  cleanliness  of  the  water  surface  and  of  the  ves- 
sel that  holds  the  water. 

In  the  day  time  the  motions  are  more  apt  to  take  place  than  after 
sundown.  Also  when  the  weather  is  bright,  or  when  it  storms,  than 
when  the  sky  is  cloudy  and  the  air  damp,  but  without  any  presages  of 
a  storm.  In  many  books  we  find  that  these  motions  of  camphor  oa 
water  are  due  to  evaporation,  although  some  add  the  truthful  remark, 
that  this  explanation  is  not  satisfactory.  When  I  began  these  researches, 
I  tried  several  times  to  determine  these  motions  by  heating  the  water, 
but  without  success  ;  while  at  other  times  the  camphor  spun  in  a  lively 
manner  on  the  surface  of  ice-waler.  Evaporation  was  clearly  not  the 
cause. 


*  As  camphor  breaks  up  very  readily  while  being  cut,  I  have  a^lomerated  it 
into  cylinders  by  compresping  it  in  a  I'lattner's  ore  crusher.  Thus  compressed  it 
stanils  handling  much  better. 
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At  this  stage  of  the  matter  a  gentleman,  i^  ho  is  one  of  our  associ- 
ates, communicated  to  me  an  observation,  which  I  have  already  men- 
tioned, that  if  fragments  of  the  same  piece  of  camphor  are  placed,  on 
several  successive  days,  in  the  same  volume  of  water,  sometimes  there 
IS  motion,  and  sometimes  not.  It  was  suggested  at  the  same  time,  that 
perhaps  magnetism  or  electricity  had  something  to  do  with  it. 

Rejecting  magnetism  as  improbable,  and  not  being  aware  at  the 
time  of  the  disapprobation  by  eminent  philosophers,  of  the  existence  of 
any  connection  between  the  motions  of  camphor  and  electricity,  I  made 
the  following  experiment,  which  1  propose  to  repeat  before  you  after 
reading  this  paper. 

Having  before  me  a  beaker-glass  holding  water,  on  the  surface  of 
which  small  fragments  of  camphor  were  dancing  with  great  energy,  I 
rubbed  a  clean  glass  rod  with  flannel,  and  dipped  the  rod  in  the  water, 
when  I  was  surprised  to  see  all  the  small  pieces  of  camphor  suddenly 
reduced  to  immobility.  This  experiment  was  repeated  several  times 
with  fresh  portions  of  water  and  of  camphor,  and  always  with  the  same 
result.  Subsequently  the  same  glass  stirrer,  rubbed  with  tin-foil  to 
render  it  electrically  neutral,  failed  to  produce  any  effect. 

In  the  next  place,  the  same  experim»*nt  was  tried  with  a  piece  of  vul- 
<'anite  previously  rubbed  with  flannel,  but  the  motions  of  the  camphor 
did  not  stop,  and  they  even  appeared  to  increase  in  intensity.  To  test 
whether  this  was  the  case,  I  was  led  to  stop  the  motions  with  a  *glass 
rod,  and  then  touch  the  water  with  the  excited  vulcanite.  You  may 
judge  of  my  pleasure,  when  the  fragments  of  camphor  began  again  their 
their  gyrations  as  the  vulcanite  touched  the  water.  I  afterwards  ascer- 
tained that  a  rod  of  shellac  or  of  sulphur  had  the  same  effect  as  one  of 
vulcanite. 

The  first  deduction  I  made  from  this  was,  that  positive  electricity 
stops  these  motions  of  camphor,  while  negative  electricity  increases 
their  intensity.  This  deduction,  however,  was  erroneous,  as  I  subse- 
quently found  that  if,  after  the  motions  are  stopped  by  an  excited  glass 
rod,  it  is  taken  out,  wiped  dry,  and  excited  again,  and  dipped  in  tho 
water;  and,  if  the  same  operation  is  repeatedly  gone  over,  the  motions 
recommence,  and  increase  in  intensity  every  time  the  excited  glass  rod 
is  placed  in  the  water.  I  also  found,  that  motions,  due  to  positive  elec- 
tricity,  may  in  their  turn  be  stopped  by  dipping  in  the  water  an  excited 
rod  of  vulcanite. 

This  requires  a  word  of  caution,  as  by  rubbing  glass  very  little 
positive  electricity  is  obtained,  when  compared  to  the  negative  electric- 
ity which  may  bo  had,  in  the  same  manner  and  in  the  same  time,  from 
vulcanite,  shellac,  or  sulphur.  This  difference  requires,  that  a  negatively 
-electrified  rod  be  used  with  great  nicety,  as  otherwise  we  bring  in  con- 
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tact  with  the  water  more  negative  fluid,  than  is  necessary  to  neutralize'^ 
the  positive  electricity,  and,  as  a  consequence,  the  water  becomes  au 
once  negatively  electrified,  and  the  motions  continue  without  interrup- 
tion. 

When  the  passage  from  one  kind  of  electricity  to  another  is  very 
gradual,  there  always  occurs  an  intermediate  stage,  at  which,  if  several 
pieces  of  camphor  are  on  the  water,  they  coalesce.  Afterwards,  when 
the  water  becomes  more  decidedly  electric,  these  pieces  part  company, 
sometimes  in  quite  a  violent  manner.  A  point  of  great  importance  to> 
note  is,  that  when  the  surface  of  the  water  is  electrically  neutral,  and 
pieces  of  camphor  adhere  to  one  another, .they  remain  for  a  long  time 
without  perceptibly  diminishing,  while,  when  they  are  in  active  motion, 
they  wear  away  in  a  much  shorter  time. 

Gentlemen,  I  do  not  feel,  that  I  sin  against  any  rule  of  the  strictest 
logic,  when  I  conclude  from  the  facts,  which  I  have  mentioned,  that  there 
is  a  connection  between  electricity  and  these  motions  of  camphor  As 
to  the  cause  of  these  motions,  it  resides  in  the  camphor  itself,  and  the 
explanation  of  the  phenomenon  must  be  found  in  some  property  pos- 
sessed by  certain  substances,  of  which  camphor  is  the  type,  by  virtue 
of  which  water,  which  has  been  electrified  dissolves  them  with  greater 
rapidity,  than  when  not  electrified.  If  a  piece  of  camphor  is  held  fast 
on  the  surface  of  the  water,  and  lycopodium  is  sprinkled  over  this  sur- 
face, as  was  done  by  Mr.  Tomlinson,  we  will  see  currents  flowing  out- 
wardly from  the  camphor.  This  may  be  explained  by  supposing  that- 
the  water,  holding  camphor  in  solution,  has  the  same  electricity  as  the 
camphor  itself.  If  the  fragments  are  very  small  and  are  free,  their 
great  mobility  allows  them  in  their  turn  to  be  repulsed  by  the  surface 
of  the  water,  which  remains  comparatively  stationary.  When  we  hold 
fast  on  the  surface  of  water  a  piece  of  camphor  with  an  irregular  out- 
line, we  may  see,  by  means  of  lycopodium,  that  the  currents,  flowing 
outwardly  from  the  camphor,  are  very  uneven  in  different  directions. 
The  inequality  of  the  currents  must,  when  the  camphor  is  set  free, 
determine  its  motion  in  a  direction  opposite  to  the  resultant  of  these 
currents. 

The  inquiry,  which  now  presents  itself,  relates  to  the  nature  of  the 
remarkable  property,  which  enables  some  organic  substances — such  as 
camphor,  benzoic  acid,  and  others  which  I  have  mentioned — to  move  on 
the  surface  of  water,  when  It  is  electrified.  Dutrochet  ascribed  theso^ 
motions  to  a  new  force,  which  he  called  the  epipolic  force.  This  amounted 
to  giving  up  the  problem.  For  my  part,  although  I  have  endeavored 
to  discover  the  nature  of  this  property,  the  results,  which  I  have  ob- 
tained are  as  yet  too  meagre  and  too  contradictory  for  presentation  be- 
fore this  society.  I  do  not  despair^  however,  at  some  future  day,  to 
present  you  with  results  worthy  of  your  attention. 
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LXV. — Proceedings. 
Regular  Meeting^  Tliursday,  November  Ist,  1877. 

The  meeting  was  called  to  order  at  8  o'clock  P.  M.,  President 
J.  Lawrence  Smith  in  the  chair.  The  minutes  of  the  previous 
meeting  were  read  and  approved. 

The  following  members  were  elected : 

Dr.  Ilanbury  Smith,  N.  Y. ;  Oh.  Lecompte,  Tenafly,  N.  J. ; 
A.  J.  Rossi,  N.  Y. ;  B.  P.  Blanpied,  Hanover,  N.  H. 

The  following  were  proposed  : 

As  memhers — Prof.  Win.  G.  Brown,  Knoxville,  Tenn. ;  Prof. 
C.  W.  Dabney,  Emory,  Va. ;  A.  Orth,  X.  Y. ;  J.  H.  Strlodinger, 
X.  Y. ;  Prof.  C.  E.  Wait,  Rolla,  Mo. 

As  associates — John  J.  Holly,  N.  Y. ;  R.  Deeley,  N.  Y. ;  Lear 
Muzard,  Brooklyn ;  E.  de  la  Chapelle,  Brooklyn. 

The  council  reported,  that  suitable  rooms  had  been  found  in 
Fourteenth  street,  but  that  they  could  not  be  leased  unless  the 
society  was  incorporated. 

Dr.  Chandler  read  the  law  about  incorporated  societies,  and  a 
draft  of  the  proposed  incorporation. 

Instead  of  the  council,  a  board  of  trustees  would  have  to  be 
elected,  three-fourths  of  whom  must  be  residents  of  New  York 

City. 

Dr.  Goldmark  moved,  that  the  report  be  received  and  adopted, 
and  that  the  members  should  be  notified  of  the  proposed  incorpo- 
ration and  consequent  change  of  the  by-laws.     Carried. 

The  cx)uncil  recommended  the  following  gentlemen  as  members 
of  the  "  Board  of  Trustees  "  for  the  first  year :  Messrs.  Morton, 
(/handler,  Habirshaw,  Alsberg,  Casamajor,  Sherer,  Nichols,  Ende- 
mann,  Eastwick,  Goldmark,  H.  Draper,  Shapleigh,  and  Have- 
tneyer.     Adopted. 

The  secretary  pro  tetn.  announced  the  death  of  the  Rec.  Secre- 
tary Dr.  J.  Walz,  whereupon  the  chair  appointed  Messrs.  Stillwell, 
Endemann,  Alsberg  a  committee  to  prepare  a  notice  of  Dr.  Walz's 
death,  and  an  address  of  condolence  to  the  family  of  the  deceased. 

The  following  were  appointed  a  committee  to  make  nomina- 
tions for  officers  for  1878  : 

Messrs.  Chandler,  Eastwick,  Alsberg,  Nichols,  Endemann. 
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The  committee  reports  the  following  nominations  to  be  voted 
for  at  the  next  meeting : 

For  President: 
S.  W.  JOHNSON. 

Far  Viee-Preaidenta  : 
B.  SILLTMAN,  G.  F.  BARKER, 

J.  C.  BOOTH,  P.  CASAMAJOR, 

H.  DRAPER,  G.  F.  CHANDLER. 

For  Corresp.  Secretary :  For  Record.  Secretary : 

H.  MORTON.  M.  ALSBERG. 

For  Treasurer:  For  Librarian: 

W.  M.  HABIRSHAW.  E.  WALLER. 

For  Curators:  For  Comm.  an  Papers  and  Publications: 
J.  GOLDMARK,  H.  ENDEMANN, 

O.  H.  KRAU5E,  W.  SHAPLEIQH, 

C.  PICKHARDT.  A.  BEHR. 

For  Committee  on  Nominations : 
E.  P.  EASTWICK.  E.  R.  SQUIBB, 

E.  D.  YOUMANS,  H.  C.  HAVEMEYER, 

C.  H.  8CHULTZ. 

The  nominations  were  unanimously  approved. 

The  resignations  of  U.  Hitchcock  and  F.  Prime,  Jr.,  were  ac- 
cepted. 

The  death  of  Mr.  Wm.  D.  Russell  was  announced. 

The  secretary  stated,  that  he  had  received  letters  of  acceptance 
t>f  membership  from  all  the  honorary  members,  with  the  exception 
of  Mr.  A.  Dumas. 

Mr.  Rossi  read  the  first  part  of  his  paper,  which  called  for  no 
discussion.     Adjourned. 


LXVI. — Proceedings. 

Regular  Meeting,  Thursday,  December  6th,  1877. 

The  meeting  was  called  to  order  at  8.15  P.  M.,  Vice-President 
C5handler  in  the  chair.  The  minutes  of  the  previous  meeting 
were  read  and  approved.     The  election  of  officers  for  1878  re- 
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suited  in  the  almost  unanimous  confirmation  of  all  the  names  pro- 
posed by  the  Nominating  Committee. 

President : 
*  S.  W.  JOSSON. 

Vice- Presidents : 
R.  8ILLIMAN,  G.  F.  BAREOIR, 

J.  tJ.  BOOTH,  P.  CA8AMAJ0R, 

H.  DRAPER,  C.  F.  CHANDLER. 

Corrfsponding  Secretary  :  Recf^rding  Secretary  : 

H.  MORTON.  M.  ALSBERG. 

Treasurer :  Librarian : 

W.  M.  HABIRSHAW.  E.  WALLER. 

Curators  :  Committee  on  Papers  and  Puhlic/itions  : 
J.  GOLDMARK,  H.  ENDE.Vf  ANN, 

O.  H.  KRAU8E,  W.  SHAPLEIGH, 

C.  PICKHARDT.  A.  BEHR. 

Committee  on  Nominations: 
E.  P.  EA8TWICK,  E.  R,  SQUIBB, 

E.  D.  Y0UMAN8.  H.  C.  HAVEMEYER, 

C.  n.  8CHULTZ. 

The  Incorporation  of  the  Society,  with  the  consequent  change 
of  the  By-laws,  including  tbe  election  of  a  Board  of  Trustees  for 
1878,  were  adopted. 

The  Committee  on  Papers  and  Publications  report,  that  they 
can  make  arrangements,  by  which,  at  a  slight  increase  of  cost,  they 
can  secure  a  more  prompt  publication  of  the  Proceedings  of  the 
Society  than  could  be  attained  heretofore.  They  offer  the  follow- 
ing resolution : 

Resolved,  That  the  Committee  on  Papers  and  Publications  be  au- 
thorized to  print  the  Proceedings  in  such  manner  as  they  deem  best. 

Carried. 

The  following  were  elected  : 

As  memhers — Prof.  Wm.  G.  Brown,  Knoxville,  Tenn. ;  Prof. 
G.  W.  Dabney,  Emory,  Va. ;  A.  Ortb,  New  York ;  J.  H.  Streid- 
inger,  Kew  York ;  Prof.  C.  E.  Wait,  Rolla,  Mo. 

As  associates — John  J.  Holly,  New  York  ;  R.  Deeley,  New 
York;  Lear  Muzard,  Brooklyn ;  E.  de  la  Chapelle,  Brooklyn. 

Mr.  Rossi  read  the  second  part  of  bis  paper :  Report  on  a  New 
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Process  for  the  manufacture  of  Artificial  Ice,  by  means  of  An- 
hydrous Sulphurous  Oxide.  Dr.  Goldmark  remarked,  that  the 
milky  appearance  of  the  ice  might  be  due  to  two  causes :  to  the 
presence  of  air  as  well  as  to  the  grouping  of  the  crystals,  since 
milky  ice  becomes  clear  by  dipping  in  warm  water,  and  the  pro- 
duction of  transparent  ice  from  water  previously  filtered  through 
charcoal  might  be  the  consequence  of  the  removal  of  air  from  the 
water. 

Mr.  Balser  showed  a  centrifugal  machine  for  laboratory  pur- 
poses run  by  a  single  bichromate  cell. 

The  following  were  proposed  as  members :  Prof.  A.  R.  Leeds, 
Hoboken,  N.  J. ;  Davenport  Fisher,  New  York ;  L.  F.  Beckwith, 
New  York  ;  M.  S.  Thompson,  New  York ;  M.  G.  Waldstein,  New 
York  ;  Wm.  T.  Lees,  New  York. 

Adjourned. 


LXVII. — Report   on  a  New   Process  for  the  Manufacture  of 

Artificial  Ice. 

BY  AUGUSTO  J.  ROSSI,  C.  E. 

An  ice  machine,  producing  regularly  merchantable  ice  by  a  process, 
introduced  in  Europe,  two  years  ago,  and  known  as  the  **  Baoul  Pictet 
System,  has  been  in  operation  for  the  last  five  months."  This  ma- 
chine, the  first  built  and  worked  in  America,  has  given  very  satisfactory 
results.  Its  daily  production,  during  a  continuous  run  of  dve  months, 
day  and  night,  has  made  this  process  more  than  a  simple  trial,  and  put 
beyond  doubt  its  future  application  to  the  extensive  manufacture  of 
artificial  ice  in  countries  where  the  natural  product  can  only  be  obtained 
at  a  great  cost,  or  not  at  all.  The  low  cost  of  production  will  even 
allow  competition  with  natural  ice,  where  such  ice  can  be  had  at  a 
moderate  price,  as  in  New  York. 

A  full  statement  of  the  peculiarities  and  principles  of  this  process, 
with  such  data  or  scientific  facts  as  would  be  necessary  for  its  thorough 
understanding,  might  prove  interesting. 

1.  We  will  consider  briefly  the  different  systems,  so  far  used  for  the 
production  of  artificial  ice,  pointing  out  the  defects  inherent  to  each  one. 

2.  Describe  more  in  detail  this  new  system  and  the  machinery  em> 
ployed,  its  ^* modus  operandi"  uses,  and  advantages. 

8.  Give  such  data,  as  have  been  obtained  during  the  running  of  the 
engine,  and  the  results  of  such  experiments,  as  we  have  found  advisable 
to  make ;  also,  certain  considerations  and  practical  facts,  on  the  differ- 
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ent  appearances  of  the  ice,  and  their  value  as  far  as  affecting  its  proper- 
ties or  qualities. 

4.  The  resumi,  in  a  succinct  manner,  of  the  scientific  problems  in- 
volved by  the  working  of  this  machine. 

First  Part — Sysiems  hitherto  employed  for  the  Manufacture  of  Artifi^ 

eial  Ice, 

Ammonia  Machines, — These  employ,  either,  saturated  solution  of  am- 
monia (Carre  machine),  or  liquefied  gas  ammonia  (Tellier  machines) ; 
they  have  been  described  in  full  in  many  scientific  papers.  They  are 
both  subject  to  the  same  disadvantages.  The  condensation  of  gas  ammo> 
uia  at  a  temperature  of  70°  or  75°,  the  ordinary  temperature  of  cooling 
water,  requires  a  pressure  of  not  less  than  10  atmospheres,  frequently 
15,  and  consequently  a  great  consumption  of  coal.  Under  such  pressures 
the  joints  are  kept  tight  with  difficulty,  causing  a  costly  loss  of  gas.  No 
grease  can  be  used  for  lubricating  the  working  parts  of  machinery, 
owing  to  its  saponification  by  ammonia.  The  action  of  ammonia  on  cop- 
per and  on  cast  iron  (owing  to  the  pressure),  is  another  drawback.  Be- 
side, the  Carre  machine  is  costly,  and  rather  complicated  in  its  details,, 
requiring  a  careful  and  difficult  management ;  in  this  respect  the  Tellier 
machine  is  far  preferable. 

Ether  Machines — Sulphuric  or  Meihylie. — Machines  of  this  kind  have 
the  following  disadvantages.  The  low  tension  of  ether,  two  or  three 
pounds  at  27°  Fahr.,  requires  the  use  of  a  single  acting  pump  working 
almost  under  a  vacuum.  The  entrance  of  air  into  the  working  cylinder 
through  the  stuffing  box,  is  prevented  with  difficulty  or  imperfectly  by 
complicated  devices ;  the  ether  is  oxidized,  and  the  working  of  the  ma- 
chine impaired.  The  successive  volatilization  and  condensation  of  the 
vapors  of  ether  transform  it  into  isomeric  compounds  less  volatile,  af- 
fording another  cause  of  trouble.  No  grease  can  be  used  as  a  lubrica- 
tor, it  being  soluble  in  ether.  Besides,  leaks  are  very  dangerous,  the 
vapors  of  ether  being  highly  inflammable.  No  insurance  companies 
will  take  the  risks^  on  such  establishments ;  it  is  also  very  difficult  to 
obtain  a  commercial  product  constant  in  its  properties,  excepting  at 
high  prices. 

Machines  worked  with  Chymogen  and  other  Derivatives  of  Petroleum, — 
They  have  all  the  disadvantages  of  the  above  machines,  necessitating  the 
use  of  a  single  acting  pump  working  under  a  vacuum.  The  difficulties 
are  keeping  the  joints  tight,  by  the  use  of  water  (a  very  poor  arrange- 
ment) ;  the  difficulty  to  obtain  a  constant  product,  chymogen,  being  one 
of  the  numerous  products  of  the  fractional  distillation  of  petroleum, 
frequently  containing  gasoline  and  rhigoline ;  and  lastly,  the  high  in- 
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flammability  of  its  vapors,  form  serious  drawbacks  to  the  application 
of  these  machines. 

Ait  Machines. — In  these  machines  compressed  air  is  cooled  without 
being  allowed  to  expand,  then  expanded  to  its  original  volume,  produc- 
ducing  thereby  very  intense  cold.  But  owing  to  the  bad  conductibility 
of  air  (one-quarter  that  of  water),  large  vessels  are  required  to  abstract 
the  heat  from  it.  The  joints  and  valves  of  the  machine  have  to  be  ab- 
solutely tight,  otherwise  the  working  is  impaired,  and  conditions  arc 
necessary  which  are  not  realized  in  practice.  Owing  to  the  intensity  of 
the  cold,  glycerine  only  can  be  used  as  a  lubricator.  The  moisture  of 
the  air  condenses  on  the  inner  parts  of  the  engine,  thus  giving  another 
<5ause  of  disorder. 

There  are  numerous  other  ice  machines,  but,  they  are  either  mechan- 
ical contrivances  to  apply  the  cold  produced  by  one  of  the  preceding  sys- 
tems, and  partake  of  the  disadvantages  inherent  thereto,  or  they  have 
jiever  been  employed  commercially. 

One  of  them  however  deserves  a  special  mention ;  its  principle  being 
founded  on  the  evaporation  of  water  in  vacuo,  the  vapors  being  absorbed 
by  sulphuric  acid,  as  fast  as  they  are  generated.  Mr.  Carre,  the  inventor, 
has  applied  it  in  Europe,  on  a  small  scale,  to  the  freezing  of"  Carafes." 
It  is  evidently  limited  in  its  application. 


Second  Pari. — Anhydrous  Sulphurous  Acid  Machines  {Sulphurous 

Anhydride). 

There  is  an  experiment  made  in  laboratories,  which  consists  in 
bringing  to  a  red  heat  a  platinum  crucible,  then  introducing  a  few  drops 
of  liquid  sulphurous  oxide,  and  simultaneously  a  few  drops  of  water ; 
instantly  there  is  ice  formed  in  the  interior  of  the  crucible,  the  liquid 
•sulphurous  oxide  boiling  at  14°  Fahr.  So,  the  idea  of  using  the  liquid 
sulphurous  oxide  as  a  cold  producing  medium  is  not  a  new  one  in  itself, 
but  so  far,  the  difficulty,  attending  its  preparation  on  a  large  scale  and  at 
H  commercial  price,  had  not  been  overcome.  The  sulphurous  acid 
liquid  must  be  "anhydrous,"  on  account  of  the  action  of  SO' liquid  upon 
metals  in  presence  of  water,  it  being  transformed  into  sulphuric  acid. 
Mr.  Raoul  Pictet,by  a  special  patented  process,  has  solved  the  problem. 
The  construction  and  principles  of  these  new  machines,  being  based 
upon  the  use  of  the  anhydrous  sulphurous  acid,  a  brief  description  of  the 
physical  and  chemical  properties  of  the  oxide  will  not  bo  superfluous. 

The  anhydrous  sulphurous  oxide  is  a  very  mobile,  colorless  liquid. 
Its  specific  gravity  when  liquid,  is  1.6,  water  being  1.  Some  authors 
give  it  at  1  42,  Mr.  Pictet  at  LO.     It  has  a  slightly  acid  smell,  when 
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coming  from  the  copper  carboys,  in  which  it  is  forwarded  from  Europe, 
under  a  pressure  of  two  to  three  atmospheres,  but  it  vaporizes  almost  in- 
Btantly,  producing  a  very  intense  cold.  Its  vaporization  can  produce  a 
cold  of  —57®  C.  in  the  air.  In  vacuo,  in  the  presence  of  alkaline  sub- 
stances designed  to  absorb  the  vapors  of  sulphurous  acid  as  fast  as  they 
are  produced,  the  cold  reaches  —68°  C. ;  at  —76°  C.  it  solidifies. 

When  anhydrous,  oxygen  has  absolutely  no  action  on  it,  either  at  the 
ordinary  temperature  or  on  the  application  of  he^t. 

The  easily  oxidizable  metals,  such  as  zinc  and  iron,  and  especially 
copper,  have  no  action  on  it  at  the  ordinary  temperature.  Sulphurous 
acid,  when  gaseous,  has  a  sp.gr.  of  2.112  (Pictet),  air  being  1. 

Liquid  anhydrous  sulphurous  acid  boils  at  14°  Fahr.  under  the  at>   «-"  /  ^ 
mospheric  pressure  (14.69  lb.  sq.  in.),  its  latent  heat  of  evaporation  at 
that  temperature,  is  170.10^  th.   U.     Its  specific  heat  under  constant  CjL^t 
pressure,  is  0,3489.  rn . 

If  in  a  glass  filled  with  boiling  water,  a  spoonful  of  the  liquid  acid  be 
poured,  the  hot  water  will  be  instantly  frozen  solid^  If  a  few  drops  of 
the  liquid  are  poured  on  the  bulb  of  a  mercury  thermometer  wrapped  in 
cotton,  the  mercury  solidifies.  It  has  no  disorganizing  action  on  animal 
tissues  as  the  following  experiment  will  prove.  If  a  small  quantity  of 
acid  is  poured  in  the  palm  of  the  hand,  an  intense  sensation  of  cold  i» 
felt,  the  skin  has  the  appearance  of  being  frozen,  and  becomes  perfectly 
white,  but  soon  the  acid  evaporates,  and  the  skin  gradually  reassumes 
its  normal  appearance.* 

The  carboys,  in  which  it  is  transported,  are  copper  cylinders^ 
with  hemispherical  ends,  provided  with  a  proper  appendage  for  filling 
and  emptying.  Their  gross  weight  is  about  330  lbs.,  and  they  contain 
net  200  lbs.  of  acid,  more  or  less.  Their  dimensions  are  one  foot 
diam.  x  3'  3"  long ;  they  are  packed  in  wooden  boxes,  and  no  difficulty  is 
experienced  with  the  transportation  companies.  Being  made  of  stout^ 
strong  copper,  tested  at  a  pressure  much  higher  than  that,  at  which  the 
acid  is  compressed  in  them,  they  resist  perfectly  well.  The  acid  being 
liquid  at  14°  Fahr.  under  atmospheric  pressure,  the  excess  of  pressure 
in  the  carboys  is  mainly  due  to  the  rise  of  the  temperature.  By  keep- 
ing them  in  a  moderately  cool  room,  say  at  60°  to  65°  Fahr.,  the  press- 
ure would  be  from  2  to  3  atmospheres. 

The  advantages  of  the  anhydrous  sulphurous  oxide  in  the  manufac- 


*  Sulphurous  ncid  produces  a  temporary  irritation  of  the  lachrymal  glanda,  which 
disappears  immediately  when  the  cause  is  removed.  The  mucous  membranes  of 
the  throat  are  more  affected.  The  effect  is  very  similar  to  that  of  a  catarrh.  The 
odor  is  strongly  penetrating,  and  causes  repeated  sneezing.  But  these  effects  ara 
temporary,  and  in  the  manufacture  of  this  acid  no  noxious  effect  on  the  workmen 
has  been  noticed. 
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ture  of  ice,  are  apparent  from  the  above  mentioned  properties,  if  wo 
compare  it  with  the  other  volatile  compounds  employed ;  being  volatile 
at  14°  Fahr.  under  the  pressure  of  the  atmosphere,  the  danger  of  air  enter- 
ing the  pneumatic  pump  is  avoided.  In  a  small  volume,  its  specifio 
gravity,  liquid,  being  1.6  and  gaseous  2.112  you  obtain  an  intense  cold. 
I  !->  s  At  a  tempera;ture  of  6fi°  Fahr.  its  tension  is  only  3 J  atmospheres  = 
f.O  lbs. ;  at  80*^  to  95°  Fahr.,  4  to  4^  in  the  maximum,  and  at  these 
7  *  temperatures  and  under  these  pressures  it  liquefies,  while  ammonia 
requires  the  immense  pressures  of  10  to  15  atmospheres  and  more.  It 
is  perfectly  stable,  the  most  stable  of  all  the  compounds  of  sulphur,  and 
it  has  no  chemical  action  upon  metals. 

Brass  valves  with  steel  stems  used  for  the  aspiration  and  compres- 
■sion  of  the  gas,  heated  by  said  compression  to  150°  to  200°  Fahr.,  did 
not  show  the  slightest  alterations  afler  five  months'  use ;  the  inside  of 
the  acid  cylinder  having  been  examined  three  times,  and  being  in  as 
«mooth  and  good  a  condition  as  if  it  had  never  been  used.  The  acid, 
tested,  afler  its  successive  evaporations  and  condensations  at  the  rate 
<if  65  to  70  times  per  minute,  had  exactly  the  same  properties  as  the 
fresh  acid,  introduced  at  start  (quite  different  from  ether  in  this  re> 
spect). 

Besides  it  is  a  lubricator  in  itself,  for  the  piston  in  the  acid  cylinder 
is  never  greased,  while  common  tallow  is  used  for  lubricating  the  rod 
and  is  not  afiected  by  the  acid.  These  properties  give  to  the  sulphur- 
ous acid  a  great  advantage  over  ether,  and  all  volatile  compound 
•derivates  from  petroleum,  like  "chymogen,"  "gasoline,"  &c.  These 
last  compounds,  moreover,  are  inflammable,  and  it  is  well  known  that 
sulphurous  acid  not  only  does  not  ignite,  but  will  effectually  stop  com- 
bustion. 

The  cost  of  sulphurous  oxide,  delivered  in  New  York,  is  65  cents  a 
pound.  No  doubt,  if  this  new  industry  develops  to  a  large  extent, 
manufactures  of  the  acid  could  and  would  be  established  in  this 
country. 

Description  of  the  Machine. — ^The  apparatus  consists  essentially  of  a 
refrigerator,  in  which  the  anhydrous  sulphurous  oxide  is  charged ;  of  a 
pneumatic  pump  (double  acting),  receiving  its  motion  directly  from  a 
steam  engine,  or  any  other  motor ;  of  a  condenser,  to  condense  the  gas 
to  the  liquid  state ;  a  proper  system  of  pipes  to  return  the  liquefied  acid 
to  the  refrigerator;  and  of  a  tank  to  transmit  the  cold  produced  to  the 
water  to  be  congealed. 

The  refrigerator  consists  of  a  pair  of  horizontal  copper  tubular  boil- 
ers, connected  together  at  the  bottom,  and  put  in  communication  by 
means  of  proper  cocks,  pipes,  fittings  and  valves,  all  of  copper  or  brass, 
with  the  pneumatic  pump.    These  two  tubular  boilers  are  immersed  in 


A  mixture  of  glycerine  and  water,  at  8°  B-naumti,  contained  in  a  wrought- 
iron  tank. 

The  pump  la  a  plain  cast-iron  oylinder,  in  which  mores  a  solid  piston, 
fitted  with  compression  rings  and  springs  at  each  end  of  the  cylinder,  and 
tocloseitarcbolted  two  valve-chambers  to  admit  the  gaseous  acid  intotha 
cylinder,  and  to  discharge  it  when  compressed.  These  valve-chambers  arc 
fitted  with  proper  cocks  and  valves  of  copper,  and  put  in  communication 
with  the  refrigerator  and  condenser.  The  valves  are  simple  steel  stem 
and  plate  valves,  with  copper  spring  coils,  and  do  not  weigh  over  S  or  3 
pounds.  The  rod  of  the  piston  is  hollow  to  allow  it  to  bo  kept  cool  when 
the  engine  is  running,  by  a  proper  circulation  through  it  of  cold  water. 

The  condenser  consists  of  a  pair  of  copper  tubular  boilers,  exactly 
similar  to  the  boilers  of  the  refrigerator,  with  proper  fittings  and  con- 
nections with  the  pump  and  refrigerator.  They  are  in  a  vertical  or 
horizontal  wrought  iron  tank,  in  which  cold  water  is  made  to  circulate 
freely. 

All  overflow  is  provided  at  the  top,  and  the  overflowing  water  is  also 
used  for  circulating  around  the  acid  pump,  so  as  to  cool  it  during  com- 
pression. One  of  the  peculi.tr  features  of  the  condenser  is  the  return 
pipes  for  the  liquid  acid.  They  start  from  the  bottom  of  the  condcn*. 
or'e  boilers,  rise  to  the  top  in  the  interior,  then  come  out  and  down 
vertically  to  connect  with  the  boilers  of  the  refrigerator,  in  which  they 
c-nter,  at  the  upper  part.  They  are  provided  with  regulating  cooks, 
which  allow  more  or  less  free  admission  of  liquefied  gas  into  the  refrig- 
erator. 
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The  steam  engine  is  an  ordinary  condensing  engine,  with  no  peculiar 
features. 

The  mixture  of  glycerine  and  water,  contained  in  the  refrigerator's 
tank  is  allowed  to  (low  through  a  cast-iron  pipe  at  the  bottom  into  a 
large  iron  tank,  containing  also  glycerine  solution,  and  divided  into  com- 
partments by  means  of  solid  parallel  and  vertical  partitions,  extending 
down  to  the  bottom,  and  presenting  at  each  alternate  end  an  opening  to 
allow  the  flow  of  liquid  to  circulate  in  a  zigzag  course  from  one  com- 
partment to  the  other.  The  liquid  is  admitted  in  this  large  tank  at  the 
opposite  ends.  The  two  flows  circulate  from  compartment  to  compart- 
ment, and  finally  unite  into  a  central  one,  from  which  they  are  pumped 
back  by  a  rotary  pump  to  the  refrigerator's  tank,  flowing  first  over  the 
surface  of  the  boilers  and  then  through  the  tubes,  before  it  can  discharge 
again  from  this  tank  into  the  large  one,  thus  producing  a  constant  and 
rapid  circulation. 

[To  illustrate  the  system,  there  is  annexed  here  the  cnt  of  a  small  size  machioc^ 
prodaeing  two  or  three  tons  of  thin  ice  daily,  and  worked  on  the  same  principle.] 

In  the  mixture  of  glycerine  and  water,  contained  in  the  large  tank,  are 
placed  a  number  of  prismatic  boxes  of  galvanized  iron,  12"  x  6''  x  3'  6'' 
in  which  is  put  the  water  to  be  converted  into  ice.  The  number  of 
these  boxes,  and  consequently  the  dimensions  of  the  tank,  is  so  propor- 
tioned that  the  sum  of  their  contents  in  ice  will  correspond  in  24  hours 
to  a  given  production. 

The  operation  is  conducted  as  follows : 
'  800  to  850  kg.  of  anhydrous  sulphurous  acid  are  charged,  once  for 
all,  into  the  refrigerator's  boilers,  and  the  mixture  of  glycerine  and 
water,  or  a  saturated  solution  of  chloride  of  sodium,  or  better,  chloride 
of  magnesium — in  a  word,  any  mixture  capable  of  standing  a  cold  of 
8°  or  10°  Fahr.  without  freezing — is  poured  into  the  large  tank.  The 
liquid  assumes  a  level  in  this  tank  and  in  the  tank  of  the  refrigerator,  by 
means  of  the  pipes  of  communication.  All  the  cans  are  then  filled  with 
water  and  placed  in  the  large  tank,  care  being  taken  to  have  the  level 
of  the  liquid,  before  putting  in  the  cans,  so  calculated  that  it  does  not 
overflow  when  they  are  all  full  and  immersed.  Then  the  engine  is 
started.  The  sulphurous  acid  at  once  vaporizes.  Its  vapors  are  aspi- 
rated by  the  pneumatic  pump,  and  enter  the  cylinder,  which  they 
fill  at  a  tension  corresponding  to  the  point  of  ebullition ;  this  tension 
varies  from  the  atmosphere  to  3"  or  4"  below,  that  is  from  14.7  lbs.  to 
13  lbs.  about.  On  the  return  stroke,  the  gas  is  compressed  to  }  or  -J 
of  its  original  volume,  having  thereby  its  temperature  raised  to  145* 
to  180°  Fahr.  The  compression  valves  open,  and  a  certain  volume  of 
gas  enters  the  condenser.    The  flow  of  cold  water  carries  away  the  heat. 


generated  by  the  compression,  bringing  the  temperature  of  the  flowing- 
water  from  54°  Fahr.  at  the  inlet  to  about  61°  Fahr.  at  the  outlet. 
Under  the  pressure  of  3  to  3.}-  atmospheres  (35  lbs.  per  sq.  inch+at' 
mosphere),  produced  by  the  compression,  the  gas  repasses  tu  the  liquid 
state,  and  flows  back  liquid  by  means  of  the  small  pipes,  spoken  of  be> 
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fore,  to  tho  boilers  of  the  refrigerator,  from  which  it  was  originally  va- 
porized. The  cocks  on  the  return  pipes  must  be  so  regulated,  that  the 
liquid  acid  flows  back  at  the  original  pressure  in  the  refrigerator.  In  the 
next  stroke  the  same  operation  is  repeated. 

Now,  each  time  tho  liquid  acid  volatilizes,  heat  is  required  for  the 
<'hango  of  state  equal  to  its  latent  heat  of  evaporation,  and  as  there  is 
no  other  source  of  heat  but  the  mixture  of  glycerine  and  water,  circu- 
lating around  and  through  the  tubes  of  the  boilers,  in  which  it  is  inclosed< 
Its  volatilization  brings  down  the  temperature  of  the  liquid  at  each 
stroke,  and  thio,  evidently,  in  proportion  with  the  capacity  of  the  acid 
<'ylinder.  After  a  time,  tho  temperature  of  the  mixture  and  that  of  the 
water  in  the  boxes,  reaches  the  freezing  point  of  water.  Then  the  water 
In  the  boxes  begins  to  cede  its  latent  heat  of  congelation  in  passing  from 
tho  THiuid  to  the  solid  state,  first  to  the  bath,  which  transmits  it  to  the 
refrigerator,  then  to  the  acid  for  its  volatilization,  and  the  water  freezes 
in  tho  boxes.  If  the  machine  was  kept  running  until  all  the  water  had 
been  congealed,  and  if  tho  ice  formed  was  not  taken  out,  the  mixture  of 
glycerine  and  water  would  ultimately  be  frozen  solid. 

AVhen  tho  ieo  in  tho  boxes  is  ready,  the  workmen,  by  means  of  a 
pnipoily  constructed  crane,  moving  around  an  axis  in  the  center  of  the 
Jar^e  tank,  and  connected  with  the  machinery,  take  out  one  box,  dip  it 
into  liot  water  to  loosen  the  block  of  ice.  The  box  is  then  replenished 
with  fresh  water  and  put  in  its  place  in  the  bath.  The  next  box  is  then 
taken  out,  and  so  on.  The  total  numbar  of  boxes  must  be  properly 
calculated  for  a  given  production  in  24  hours,  and  correspond  to  a  certain 
number  taken  out  in  one  hour,  so  that  when  the  men  come  to  the  first  can 
taken  out.,  it  must  again  be  ready  for  them.  This  number  of  boxes,  of 
course,  is  determined  by  the  amount  of  thermal  units,  which  the  machine 
can  absorb  for  the  successive  volatilization  of  the  acid  during  one  hour. 

Tlie  process,  as  will  be  seen,  is  very  simple.  The  pressure  in  the 
•condenser  does  not  exceed  35  to  S7  lbs.  per  sq.  inch + atmosphere,  re- 
quiring a  boiler  running  at  65  to  70  lbs.  of  steam  and  an  average  abso- 
lute pressure  in  the  steam  cylinder  of  28  to  30  lbs.  maximum.  No 
serious  leaks  are  possible  under  such  pressures,  except  by  reason  of 
<ie foots  in  tho  machinery.  The  boilers  in  the  condenser  and  the  refrig- 
^^nitor  need  not  bo  of  excessive  thickness.  The  joints  can  be  and  are 
^Mfoctually  tight*  In  the  refrigerator,  the  pressure  fluctuates  from  14.7 
to  12  lbs.  Here  there  is  no  difficulty  in  keeping  joints  tight,  and  the 
loss  of  acid  is  nominal. 

The  part  of  the  engine,  where  a  leak  is  most  likely  to  take  place, 
IS  the  stuffing  box  of  the  rod  of  the  acid  piston.  But  this  can  be  eflec- 
tually  prevented  by  proper  care  m  packing  and  moderately  lubricating 
the  rod  bv  means  of  common  tallow. 
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The  glycerine  in  the  tank  scarcely  needs  renewing  if  care  is  taken  to 
wipe  the  cans,  while  removing  them  from  the  bath,  by  means  of  a  proper 
automatic  device.  However  the  use  of  saturated  solutions  of  common 
salt  or  chloride  of  magnesium  (preferable  because  it  has  no  galvanic  ac- 
tion on  the  iron  of  the  boxes),  makes  this  matter  a  question  of  very  lit- 
tle or  no  importance,  these  salts  being  at  a  very  low  price. 

The  space  occupied  by  the  steam  engine,  machinery,  pumps,  boilers, 
foundations  for  a  duplicate  engine,  tanks,  condensers,  refrigerators,  coal 
sheds,  a  small  ice  house  containing  1 0  tons,  and  filters  for  croton  water, 
covers  a  surface  of  40  x  75  =  3000  sq.  ft.  for  a  production  of  24  tons  in 
24  hours. 

TTiird  Part. — Data  and  Facia. 

The  temperature  of  the  water  (croton  water)  put  in  the  boxes 
averaged  75°  Fahr. ;  to  bring  it  to  32°  Fahr.,  43  thermal  units 
per  lb.  must  be  absorbed;  to  pass  into  ice,  each  pound  of  water 
will  abandon  142  thermal  units.  In  all  142+43  =  1S5  thermal  units 
are  absorbed  per  lb.  of  water  at  75°  F,  when  it  is  converted  into  ice. 
Now,  1  lb.  of  sulphurous  acid,  having  a  latent  heat  of  vaporization 
=:  170.1  thermal  units,  can  absorb  170.1  thermal  units,  when  volatilized, 
or  1  lb.  of  acid,  by  its  volatilization,  forms  theoretically  nearly  1  lb.  of 
ice. 

The  water  used  in  the  condenser  was  well  water.  Its  temperature 
was  54°  Fahr.  at  the  inlet,  01°  Fahr.  at  outlet,  the  quantity  consumed, 
150  to  160  gallons  per  minute.  This  same  water  was  thereafter  used 
for  the  condenser  of  the  steam  engine  and  the  cooling  of  the  acid  pump 
before  being  allowed  to  go  to  waste. 

Should  the  temperature  of  the  condensing  water  be  higher,  say  80° 
to  90°  F.,  as  might  be  the  case  in  a  warm  climate,  or  if  croton  water 
had  been  used  for  condensing,  the  machine  would  have  worked  quite 
as  well.  Only  the  pressure  in  the  condenser  would  have  been  higher, 
corresponding  to  the  tension  of  the  oxide  at  that  temperature  ;  that  is, 
4  atm.  or  60  lbs.,  and  more  coal  would  have  been  consumed. 

The  average  horse  power  from  indicator  diagrams,  taken  hourly  for 
several  weeks  (two  months),  was  found  to  bo  73  to  75.  Friction  dia- 
grams were  taken  with  the  engine  running  all  transmission,  pump  for 
condensing  water,  circulating  pump  for  freezing  tank,  feed  pump  for 
boilers,  acid  pump  with  all  the  valves  open,  air  pump  for  steam  con- 
denser, and  they  gave  20  horse  power,  leaving  about  50  to  55  horse 
power  as  the  power  necessary  for  the  compression  of  the  gaseous  o.xide, 
including  friction  of  gas  in  aspiration  and  compression  pipes.  The 
number  of  revolutions  of  the  engine  was  on  an  average  60  to  65  per 
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minute ;  average  steam  pressure  in  boilers,  65  to  70  lbs.  The  quantitj 
of  ice  (6^  thick)  produced  was  16  tons  in  24  hours;  if  the  ice  had  been 
3^  thick,  24  tons  daily  would  have  been  produced. 

As  it  is,  reckoning  on  a  24  tons'  production,  ice  could  be  manufao> 
tured  at  $1.00  to  $1.75  a  ton,  counting  labor,  fuel,  general  expenses, 
superintendence,  dsc,  and  6  per  cent,  interest  on  the  capital  engaged, 
taxes,  d:c. ;  for  a  production  of  50  tons,  $1.30;  for  100  tons,  $1.25; 
for  200  tons,  less  than  $1  a  ton.  The  normal  pressure  in  the  condenser 
was  35  to  37  lbs. ;  in  the  refrigerator,  the  atmosphere,  or  14.7  lbs.  to 
13  lbs. ;  average  temperature  of  the  bath,  22°  F. ;  diam.  of  the  acid 
cylinder,  13^'' ;  stroke,  42' ;  diam.  of  rod,  2"/,/  ;  area  piston  (Y  rod  de- 
ducted), 89*=  139,605  ;  volume =5933.21  cub.  in. ;  number  of  boxes  in 
tank,  628 ;  weight  of  water  in  boxes,  5.000  lbs. ;  weight  of  mixture  of 
glycerine  and  water,  36,000  lbs. ;  total  mass  of  liquid,  86,000  lbs. 
Dimensions  of  boxes  or  moulds,  12'  x  6'  x  3'  6'  deep ;  dimensions  of 
cakes  of  ice,  12'  x  6'  x  3',  weighing  80  to  84  lbs.  when  full.  Tempera- 
ture of  condenser,  62°  to  65°  F. ;  refrigerator,  13°  to  14°  F.,  which  cor- 
responds to  a  temperature  in  the  freezing  bath  of  23°  F.  to  22°  F. ; 
temperature  of  gas  after  compression,  as  it  enters  the  condenser,  140° 
to  180°  F.  Dimensions  of  refrigerator  boilers,  diam.  20'  x  9'  3'  long ; 
dimensions  of  condenser  boilers,  diam.  20'  x  9'  3'.  Number  of  tQbe» 
in  each  160  of  }'  diam.  inside  (1'  outside).  Labor  required,  4  men 
and  2  boys,  and  2  engineers.  This  labor  would  have  been  adequate 
to  a  production  of  50  tons  daily. 

Appearances  and  Formation  of  Icb. 

Having  explained  the  principal  features  of  the  engine  and  its  work- 
ing, the  examination  of  the  ice  produced  presents  some  facts  (based  on 
actual  observation),  which  may  prove  interesting. 

The  cans  being  filled  with  water  are  placed  in  the  bath.  In  some  of 
the  cans  the  temperature  lowers  gradually,  and  in  from  a  ^  to  ^  hour 
after  the  immersion  a  thin  coating  of  ice  may  be  noticed  on  the  sides. 
This  coating  gradually  increases  in  thickness,  the  four  frozen  surfaces  pro- 
ceeding towards  each  other,  and  finally  closing  to  a  solid  cake.  This  will 
happen  preferably  when  the  bath  is  at  a  comparatively  low  tempera- 
ture.  In  other  cans,  the  congelation  will  be  characterized  by  the  for- 
mation of  long  thin  needles,  pointing  from  the  faces  towards  the  centre 
of  the  cake.  These  needles  grow  stouter  and  stouter  at  their  base,  as 
the  freezing  proceeds,  and  after  a  time  form  a  solid  mass  along  the 
sides  of  the  can,  which  mass  gradually  increases  in  thickness  until  all 
the  water  is  congealed. 

However,  if  two  such  cakes  are  taken  from  the  tank,  when  finished, 
it  is  impossible  to  distinguish  this  dlflf^rence  in  the  formation.     If  tho 
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temperature  of  the  bath  is  bi-low  22^  F.,  the  congelation  takes  place 
more  uniformly  in  all  the  cans.  In  this  case  it  begins  by  a  thin  coating 
on  the  sides,  which  increases  in  thickness  until  completely  frozen ;  the 
cakes,  when  taken  out,  are  uniformly  opaque  and  whitish. 

If  the  bath  is  at  a  higher  temperature,  24°  or  25°  F,,  it  is  not  unusual 
to  find  some  cans,  which,  after  an  hour  or  more  of  immersion,  do  not 
present  the  slightest  trace  of  congelation.  The  water  is  at  a  tempera- 
ture of  28°  or  29°  F.,  yet  does  not  freeze.  This  phenomenon  presented 
by  the  water  is  well  known  "  as  the  surfusion  of  the  ice." 

An  agitation  of  the  mass  will  instantly  cause  the  formation  of 
lamellar  crystals  of  ice  in  a  confused  mass,  intersecting  each  other  in  ail 
directions,  preventing  the  bottom  of  the  box  being  seen.  They  have 
the  appearance  of  ferns  or  arborcscences,  very  similar  to  the  formation 
of  frost  on  a  pane  of  glass  during  the  winter.  Soon  after  a  coatirg  of 
ice  is  formed  on  the  sides,  and  the  congelation  proceeds  as  in  the  cases  men- 
tioned above.  Frequently,  after  the  cake  is  solid,  these  arborcscences 
-will  be  very  visible,  showing  in  white  in  the  transparent  parts  of  the 
cake ;  but  in  other  cases  it  will  bo  impossible  to  detect  any  difference 
of  appearance  in  the  cakes  of  ice,  whatever  may  have  been  the  mode 
of  formation. 

A  constant  character,  which  is  easily  observed,  is,  that  when  the  ice 
is  formed  at  temperatures  above  25°  F.,  it  is  invariably  translucid  and 
transparent,  the  more  so  the  higher  the  temperature  of  the  bath.  On 
the  contrary,  if  the  bath  is  maintained  at  a  temperature  below  20°  F. 
(16  to  18),  the  ice  is  more  or  less  opaque  and  whitish,  increasing  as  the 
bath  lowers  in  temperature. 

The  following  observation  would  tend  to  prove  that  the  causes  of 
these  appearances  are  specially  due  to  the  presence  of  air  or  gas  dis- 
solved or  contained  in  the  water. 

Croton  water,  circulating  through  pipes,  with  air  vents,  and  coming 
from  large  areas,  where  the  air  contained  in  the  water  has  had  time  to 
escape,  gives  always  more  transparent  and  more  translucid  cakes  than 
running  water  from  rivers,  or  water  from  wells  (especially,  if  it  has 
been  filtered  through  charcoal  filters). 

The  ico  from  well  water,  not  filtered,  on  the  contrary,  is  always 
more  or  less  opaque  and  white,  if  it  has  not  been  deprived  of  air,  and 
the  mass  is  filled  with  small  bubbles  of  air.  In  the  cakes  of  ice, 
formed  at  a  low  temperature,  or  obtained  from  water,  containing  a  large 
excess  of  air  (like  well  water),  the  air  escaping  from  the  water  has  no 
time  to  rise  to  the  surface  during  the  congelation.  The  formation  of 
ice  has  been  so  rapid,  or  the  amount  of  air  so  large,  that  the  globules 
of  air  have  been  imprisoned  in  the  mass,  filling  the  whole  cake,  and 
producing  a  diffusion  of  light,  which  gives  it  its  milky  and  whitish 
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appearance.  In  a  bath  at  a  higher  temperature,  or  with  water  like  the 
filtered  croton  water,  containing  comparatively  a  small  amount  of  air, 
the  air  is  mostly  found  in  the  center  of  the  cake,  in  needles  radiating  at 
right  angles  to  the  faces  of  the  box  from  the  median  part  of  the  block. 
They  are  thickest  at  the  base ;  the  rest  of  the  cake  is  perfectly  trans- 
parent. In  cases,  where  the  congelation  has  been  at  first  very  rapid, 
there  will  be  found,  on  the  outside  of  the  cake,  only  a  thin  milky  coat- 
ing. This  was  the  part  directly  in  contact  with  the  metallic  sides  of  the 
box,  and  on  account  of  the  good  conductibility  of  the  metal,  the  water 
received,  rapidly  at  first,  the  action  of  the  bath ;  afterwards,  owing  to 
the  slow  conductibility  of  the  ice,  the  air  had  time  to  rise  to  the  sur- 
face. Sometimes*there  will  be  found  here  and  there  spherical  globules 
of  air  of  rather  large  size.  They  may  have  been  produced  by  varia- 
tions of  the  temperature  of  the  bath  during  congelation,  but  the  char- 
acteristic of  the  formation  of  ice  at  a  high  temperature  is  the  trans- 
parency of  the  cake.  Whatever  organic  or  inorganic  matters  the  water 
may  hold  in  solution,  are  found  at  the  bottom  and  in  the  central  part  of 
the  cake  like  a  film.  These  matters,  being  mostly  white,  do  not  show 
through  the  milky  part  of  the  center.  When  the  water  cools  by  im- 
mersion in  the  bath,  these  substances  begin  to  precipitate  in  mass  at  the 
bottom,  the  water  being  supersaturated  at  that  temperature,  which  it 
reaches ;  but  there  is  still  water  enough  to  hold  a  part  of  them  in  solu- 
tion, and  as  the  ice  forms,  they  are  separated  in  the  center  of  the  cake, 
forming  a  pyramid- like  film,  the  apex  of  which  is  towards  the  top  of 
the  cake. 

If  the  cake  is  broken  at  right  angles  to  its  length,  the  cross-section 
will  show  this  central  film  more  or  less  milky,  containing  some  of  the 
impurities  of  water  and  most  of  the  air ;  from  this  film  radiate  tubes 
or  needles  of  air  towards  the  sides,  and  all  the  rest  of  the  mass  is  per- 
fectly translucid, 

W^ith  well  water,  not  de-aerated,  no  film  is  visible,  the  cake  is  uni- 
formly milky  and  solid,  and  as  clean  on  the  bottom  as  at  the  top.  The 
same  results  were  obtained  with  water  from  rivers  of  the  Island  of 
Cuba,  from  Cincinnati,  Bermudas,  Baltimore,  Philadelphia.  Rain  water 
was  tried  several  times  ;  the  cake  was  frozen  at  a  temperature  of  about 
26°  F.,  and  presented  a  rather  milky  appeiirance  ;  but  on  being  broken^ 
the  cross-section  showed  only  a  thin  coating  on  the  outer  surface,  then 
a  transparent  mass,  but  intersected  by  zones  of  very  minute,  delicate^ 
thin  needles  of  air,  pressed  closely  together,  very  much  like  the  fine 
mountain  shadings  on  a  topographical  map. 

Water  boiled  for  a  few  minutes  before  being  put  in  the  boxes  gave 
a  very  beautiful  transparent  cake* 

These  considerations  bring  us  naturally  to  the  conclusion,  that,  by 
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de-aerating  water,  the  ice  would  be  improved.  By  a  special  process 
(patented),  which  consists  of  submitting  the  water  to  a  vacuum  before 
filling  the  cans,  this  process  increasing  the  cost  of  a  ton  of  ice  but  a  few 
cents  (2  or  3),  we  have  obtained  remarkably  clear  and  transparent  ice. 
As  there  is  no  possibility  of  making  the  vacuum  absolutely  perfect,  and 
notwithstanding  the  use  of  a  special  device  to  prevent  water  from  dis- 
solving air  again  during  congelation,  the  water  will  still  contain  som& 
air,  the  central  part  of  the  block  being  slightly  opaque. 

This  opaque  center  in  all  cakes,  whether  the  bath  is  at  a  high  or  low 
temperature,  when  the  water  has  not  been  deprived  of  air,  or  only 
imperfectly  so,  can  be  explained  by  the  fact  that,  this  portion  of  the  liquid 
is  always  saturated  with  aioy  at  the  maximum  of  saturation,  since  it  is 
the  last  remaining  liquid. 

To  get  rid  of  these  centers,  and  to  obtain  clear  and  transparent  ice, 
irrespective  of  the  temperature  of  the  bath,  Mr.  Turettini,  of  Geneva, 
forced  air  through  the  water  during  the  congelation,  so  as  to  produce  a 
constant  agitation  of  the  fluid. 

The  large  vesicles  of  air  in  their  ascensional  motion,  produced  by 
the  compression  pump,  carry  with  them  all  the  smaller  globules,  which 
otherwise  would  have  adhered  to  the  sides  of  the  ice  in  formation.  Wo 
have  not  applied  it  on  a  large  scale,  but  the  experiments  made  by  us^ 
prove  its  efficacy  beyond  doubt. 

All  the  facts  tend  to  show  conclusively,  that  the  opacity  of  the  ice 
is  due  to  the  presence  of  air  alone. 

Direct  experiments  made  by  Mr.  Pictet  to  ascertain  the  quantity  of 
heat  by  the  calorimeter  necessary  for  the  fusion  of  1  kg.  of  ice,  either 
artificial,  natural,  opaque,  milky,  or  transparent,  have  failed  to  show  the 
slightest  difference. 

The  time  necessary  to  freeze  one  box  full  of  water  depends,  of 
course,  on  the  number  of  such  boxes  in  the  tank,  capacity  of  the  ma- 
chine, and  on  the  temperature  of  the  bath. 

The  thickness  of  the  ice  cut  also  enters  as  a  very  important  factor. 
We  have  made  some  experiments  with  a  view  to  ascertain  its  influence. 
Holes  10''  deep  and  1"  apart  were  drilled  in  a  block  of  solid  ice,  when 
in  the  bath.  In  these  holes  a  thermometer  was  placed.  At  1^  from  thi> 
sides  of  the  box  the  temperature  observed  was  22°  F. ;  at  2',  27°  F. ; 
at  3^  30°  F. ;  in  centre,  31°  F. ;  the  bath  being  18°  F. 

This  shows  conclusively  that,  owing  to  the  bad  conductibility  of  the 
ice,  the  second  inch  took  longer  to  freeze  than  the  first,  the  third  longer 
than  the  second  ;  and  that  in  the  center  of  the  cake  the  water  was  mostly 
frozen  by  actual  contact  with  the  ice  formed,  the  influence  of  the  bath 
being  there  but  slight.  This  experiment  shows  also  the  advantage  of 
making  thin  cakes  of  ice.     If  the  cakes  had  been  3'^  x  12'',  instead  of 
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6'X  12',  the  machine  would  have  produced  24  tons  at  least  in  24  hours. 
The  machine  had  been  calculated  originally  on  this  basis.  But  the  ob- 
jection was  raised  that  3'  size  cakes  would  be  objectionable  for  the  New 
York  market,  so  cans  of  6'  were  employed,  thereby  causing  a  fall  in 
the  production  of  the  machine. 

The  consequence  of  the  production  of  the  6'  thick  cakes,  instead  of 
3',  was  a  lowering  in  the  temperature  of  the  bath  to  15°  and  14**  F. 
The  ice,  owing  to  its  thermal  resistance,  not  transmitting  the  cold  to 
the  water  not  yet  frozen  in  proportion  as  it  received  it  from  the  cooling 
mixture,  consequently  the  temperature  of  the  bath  decreased.  We  sug- 
gested the  enlargement  of  the  tank,  and  this  being  done,  an  increase  in  the 
production  resulted.  The  amount  of  the  cooling  liquid  being  larger 
with  two  tanks,  the  bath  instead  of  keeping  at  a  temperature  of  15°  or 
14°  F.,  was  maintained  at  a  uniform  temperature  of  22°  F.,  rendering 
available  for  making  ice  in  neio  cans  the  difference  between  14°  and 
i^2°.  Of  course  there  is  a  limit  to  such  an  extension  of  tanks  for  a 
given  machine. 

The  radiation  through  air,  the  loss  of  cold  by  the  pipes,  the  lack  of 
circulation  in  tanks  out  of  proportion  to  a  calculated  size  of  machine, 
soon  offset  the  useful  effects  ;  and  the  production  of  the  machine,  though 
Increased,  could  never  be  reached  with  6'  cakes,  when  its  capacity  was 
calculated  to  3'  blocks. 

Another  experiment  was  made  to  ascertain,  if  possible,  the  form  of 
the  curve  of  congelation.  A  box  filled  with  fresh  water  was  immersed 
In  the  bath,  and,  after  an  hour,  the  thickness  of  the  ice  formed  on  the 
sides  was  measured  every  hour  for  20  hours. 

On  an  axis  were  carried  «qual  intervals  of  time  as  abscissae,  and 
the  thicknesses  observed  were  carried  as  ordinates.  By  joining  the 
points  thus  obtained  by  a  continuous  line,  we  have  arrived  at  a  fair  idea 
of  the  curve  affected  by  the  congelation. 

The  curve  is  not  absolutely  regular,  presenting  some  points  of  in- 
flexion. They  are  due  probably  to  differences  in  the  temperatures  of 
the  bath,  which  varied  21°  to  25°  F.  during  the  experiments.  The  diffi- 
<?ulties  attending  these  observations  are  numerous.  The  ice  forms  un- 
evenly on  thp  four  sides  of  the  box.  The  faces  directly  against  the 
<'.urrent,  or  along  its  direction,  form  ice  quicker  than  the  others. 

The  first  hour  of  immersion  must  not  be  counted,  as  the  water  in  the 
cans  had  to  be  first  brought  to  32°  F.  before  ice  began  to  form.  Only 
a'  were  formed  during  the  first  hour ;  during  the  next,  f  J  in. ;  making 
a  total,  at  12  noon,  of  jj  in.  (for  two  hours'  immersion).  Reckoning 
thickness  every  four  hours,  to  avoid  small  fluctuations  in  the  congelation, 
we  find  as  total  thickness  formed  at  noon,  |J  in. ;  at  4  p.  m.,  |f *  ;  at 
8  p.  M.,  HJ"' ;    at  12  midnight,  ^Y' ;  at  4  a.  m.,  m^' ;  at  8  a.  m., 
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-gS*  in.,  on  the  smaller  part  of  the  can,  counting  from  the  face  directly 
In  contact  with  the  freezing  mixture  towards  center  of  box. 

For  the  large  side,  at  12  noon,  total  thickness  formed,  ^^' ;  at 
4  p.  M.,  •  J'  ;  at  8  p.  m.,  Hi^"  ;  at  12  midnight,  W' ;  at  4  a.  m.,  VV  ; 
at  8  A.  M.,  W*")  counting  also  from  the  face  of  the  can  in  immediate 
contact  with  bath,  towards  the  center  of  can. 

Hence,  on  small  side  of  can,  during  the  first  four  hours  from  rioon, 
there  was  formed  IHn. ;  during  next  four  hours,  H'^' ;  next  four 
hours, -4i^';  next  four  hours,  -*-}ir' ;  next  four  hours,  A"  in.  And 
along  large  sides,  -H*^"  in* ;  during  next  four  hours,  ^^ir-'  ;  next  four 
liours,  *it*' ;  next  four  hours,  H'  ;  next  four  hours,  H'.  Those  last 
sides  of  the  can  were  in  the  direction  of  the  flow  of  the  freezing 
liquid. 

These  observations  cover  a  sufficiently  long  interval  of  time  to 
prove  beyond  doubt,  that  the  bad  conductibility  of  the  ice  is  a  factor  of 
the  highest  importance  in  the  congelation. 

Below  are  the  figures  in  full : 

Dimensions  of  can  O'x  12',  the  long  Bide  in  the  direction  of  the  flowing 

of  freezing  mixture  in  tank. 


Time. 

Thickness  formed 

,  narrow  side. 

Thickness  fnrmed. 

can  put  in  at  75°  F. 

widest  side. 

Small 

size. 

Large  size. 

10  a.m. 

.  • .  • 

«... 

•  •  •  • 

.  • .  • 

11 

19/80 

.2375 

.  •    a    • 

• . .  • 

12  noon 

44/80 

.5500 

34.5/BO 

.4312 

1  P.M. 

61.5/80 

.7687 

. . .  • 

.... 

2 

75/80 

.9375 

62.5/80 

.7812 

3 

87.5/80 

1.0937 

.... 

. .  • . 

4 

95/80 

1.1875 

92^0 

1.1500 

5 

102/80 

1.2812 

.  • .  • 

a  .   •  • 

6 

106.6/80 

1.3812 

106/cO 

l.r>250 

7 

.  1115/80 

1 .3937 

.... 

.... 

8 

115.5/80 

1.4375 

120,5/80 

1.5006 

9 

121/80 

1.5125 

.... 

.... 

10 

125.5/80 

1.5687 

130.5/80 

1.6375 

11 

130/80 

1.6250 

.  •  •  • 

.  •  •  • 

12midn'l 

134/80 

1.6750 

141/80 

1.7625 

1  A.  M. 

138/80 

1.7250 

.... 

.  • « • 

2 

141/80 

1.7625 

149.6y80 

1.8085 

3 

14r)/80 

1.8250 

.  .  •  . 

.  •  •  • 

4 

147.5/80 

1.8437 

159/80 

1^875 

5 

149.5/80 

1.8637 

.... 

. . .  • 

6 

152.5/80 

1.9062 

170/80 

2.1250 

7 

154.5/80 

1.9312 

•  •  • 

.... 

8 

156.5/80 

1.9562 

175/80 

2.1875 
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No.  5. 


.yyyy//y  ■ 


'yy^y- 
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Appearance  of  ice  formed  firoro  rainwater. 

a.  Milky  and  opaque  face. 

b.  Transparent  n»De. 

c.  511aute  needles  of  air. 

Cake  doted  completely  in  center ;  no  center. 


Appearance  of  Ice  formed  frcm  well  water. 

a.  Unirormly  milky  and  opaque;  no 
center  part  to  rpeak  of.  Impuritiea  dif- 
fused through  the  mass. 


The  measurements  are  given  in  inches  and  decimals.  For  accuracy, 
the  thicknesses  were  measured  with  a  rule  divided  in  80  parts  to  the 
inch.  As  these  figures  come  handy  for  the  plotting  of  the  curve,  we  give 
them  as  we  obtained  them.  For  sake  of  comparison,  they  are  also  easier 
than  the  decimals  of  the  inch. 

It  is  easy  to  notice,  in  plotting  the  curve,  that  the  interior  of  the  ice, 
while  forming  in  a  can,  is  of  a  shape  similar  to  that  of  the  curve.  The  ice 
starts  from  the  point  zero  in  the  box,  corresponding  to  the  level  of  the 
freezing  mixture  in  the  tanks,  and  goes  on  increasing  in  thickness  as  we 
descend  in  depth.  The  curve  approaches  more  and  more  a  straight  line. 
The  ice  appears  to  form  at  any  moment  from  the  point  zero  by  curves 
circumscribed  by  the  four  sides  of  the  can.  The  four  surfaces  thus  gen- 
erated proceed  toward  each  other  until  the  cake  is  solid. 

However,  if  the  cake  is  taken  out  from  the  tank,  when  the  cake  is  al- 
most, but  not  quite,  frozen  to  the  top,  there  will  be  noticed  a  V 
shaped  hollow  at  top,  formed  by  the  intersection  of  the  four  curved  sur- 
faces affected  by  the  ice  formed.  This  V  is  filled  with  water,  with  a 
certain  quantity  of  supernatant  fluid  raised  above  it  by  the  expansion 
of  water  during  congelation.  The  upper  part  of  this  V  roaches  to  the 
level  of  the  bath  in  tank  1 .  If  the  box  is  replaced  in  the  bath  and  al- 
lowed to  stay  in  until  the  water  is  completely  congealed,  the  V  closes, 
in  its  turn,  by  inscribed  curves  like  the  rest,  but  the  supernatant  water, 
on  the  contrary,  has  a  tendency  to  freeze  by  horizontal  layers  perfectly 
defined  and  visible.  If  the  can  has  been  so  filled  with  water  that  the 
level,  after  expansion,  docs  not  rise  above  this  point,  the  V  closes  and 
no  horizontal  layers  can  be  noticed. 

Fourth  Pari, — Theoretical  Fart, 

The  machines  of  this  system  have  more  than  a  commercial  interest. 
They  have  been  used  by  Mr.  Pictet  to  prove  practically  certain  theo- 
retical deductions,  establishing  certain  new  relations  between  the  latent 
heats,  the  atomic  weights,  and  the  tension  of  vapors  of  volatile  liquids. 
It  would  carry  us  beyond  the  limits  of  th*s  article  to  follow  Mr.  Pictet 
at  length  in  his  reasonings.     He  has  published  a  pamphlet  on  this  sub- 
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ject,  under  the  title,  "Application  de  la  theorie  M^canique  de  la  Chaleur 
a  I'etude  des  liquids  Volatils.  Geneve,  1876.  Archive  des  Sciencea  de 
la  Bibliotheque  Universelle." 

We  will  confine  ourselves  to  mentioning  these  relations  and  to  illus- 
trating them  by  tables.  Most  of  these  tables  we  have  recalculated  di- 
rectly in  English  units,  while  some  we  give  in  French  units,  as  they  ap- 
pear in  the  pamphlet  mentioned  above. 

We  will  use  freely  such  of  these  relations  of  the  reasonings  and  of 
Mr.  Pictet,  as  may  be  necessary  for  proving  the  coincidence  between  the 
calculations  of  such  machines  and  their  practical  working. 

1.  "  For  all  liquids  the  cohesion  is  constant." 

This  first  proposition  and  the  consideration,  that  the  Cycle  of  C^rnot  CLf 
does  apply  to  the  volatile  liquids  and  their  changes  of  volume,  bring 
Mr.  Pictet  to  a  relation  between  the  latent  heats  and  the  pressures  of  a 
volatile  liquid,  corresponding  to  certain  temperature.     The  formula  is 
the  following : 

^  ^  2110.42  [493.2 +(t- 32)']  ^^yP'^^S'T 
i  _  c  (t  -  t)  =  - 080^265  X  493:2l^T^i7'-  t)  x  772  ^"  ^"«^^'*^  ""^^' 
in  which  t  and  t'  are  the  temperatures  in  Fahr.  corresponding  to  the  press- 
ures P,  P' ;  X  is  the  latent  heat  in  thermal  units,  c  the  specific  heat  of  the 
liquid,  ^  the  density  of  the  vapor  at  32°  Fahr.,  0.0807265  lbs.  the 
weight  of  1  foot  of  air  at  32°  Fahr.,  2116.4  the  pressure  of  the  atmos- 
phere in  lbs.  per  sq.  foot,  772  Joule's  equivalent,  y^^^.^,  the  coeflicienl 
of  dilation  of  gases. 

If  the  latent  heats  are  calculated  from  this  formula,  they  will  be 
found  to  agree  very  nearly  with  the  results  of  the  direct  experiments  by 
the  calorimeters.  By  taking  for  P  a  constant  pressure  for  all  liquids, 
that  of  the  atmosphere,  to  correspond  to  the  temperature  of  ebullition, 
and  in  taking  in  the  tables  of  Regnault,  Rankine,  or  other  authors,  the 
pressure  P'  corresponding  to  another  temperature  t' ;  ^  can  be  calculated. 

Temperatores  of  Ebul-    Latent  heals  X  calcu*       Tjatent  beata 
Liquids.  lition  in  °  F.  lated  in  th.  U.  obs'd  in  tb.  U. 

Alcohol 172°  .77  378.00  385.29 

Sulphide  of  carbon . .  1 14.80  151 .20  150.37 

Sulphuric  ether 95.00  161 .22  161.57 

Chloroform 140.00  109.31  109.80 

Benzine 176.00  167.22  166.06 

Turpentine 311 00  118.08  122.40 

Mercury 662.00  128.88  138.00 

Hydrochloric  ether. .  50.00  167.04  165.78 

Water 212.00  979.8  965.70 

Sulphurous  oxide .. .  14.00  179.65  170.10 
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2.  "  The  internal  latent  heat  L  of  all  liquids  referred  to  one  and  the 
the  same  pressure,  multiplied  by  the  atomic  weight  taken  at  a  uniform 
temperature  gives  a  constant  product." 

If  wc  take  a  uniform  pressure  for  all  liquids,  that  of  the  atmosphere, 
it  corresponds  to  a  uniform  temperature,  that  of  ebullition  t,  and  if  x  is 
the  weight  of  the  atmosphere  at  32°  Fahr.,  its  weight  at  t  will  be 

X  X  L 

41*372+ (t^32)  ^^^'  accordmg  to  the  above  proposition  49324-(t-S2) 

must  be  constant  for  all  liquids. 

The  following  table  is  calculated  and  based  on  observations  of  Mr, 
Pictet : 


LIQUIDS. 

Total  Latent 

Heato  Id 

Tb.  Ualto. 

Tempera- 
tures of  Kbul- 
lltlon  t*  F. 

Atomic 
Welghta  X. 

External 

L4t.  HeaMln 

Th.  Units. 

X  L 
498.8 +  (t  — 82) 

Water 

968.7Q 
109.80 

161.67 
234.00 
166.06 
476.20 
166.78 
170.10 
188.60 
118.08 

212. 
140. 

96. 
131. 
176. 
162.6 

60. 

14. 
662. 
811. 

9 
69 
87 
29 
89 
16 
82 
82 
100 
66 

72. 

9.66 
14.67 
19.87 
16.91 
86.86 
14.40 
16.06 
10.91 
11.62 

11.90 

Chloroform. 

10.00 

Sulphuric  ether 

Acetine 

16.0« 
10.48 

Bensine 

9.94 

Wood  Spirit 

Hydrochloric  ether 

Sulphurous  oxide 

Mercurv 

11.40 

9.40 

10.39 

11.40 

• 

Turpentine 

10.90 

3.  *•  For  all  liquids  the  difference  of  internal  latent  heats  at  any 
two  temperatures,  multiplied  by  the  atomic  weight,  gives  a  constant 
product." 

The  following  tables,  based  on  Mr.  Pictet's  observations,  prove  the 
correctness  of  this  assertion.  Considering  the  difficulty  of  the  experi- 
mental determination  of  the  internal  latent  heats  by  calorimeter,  the 
coincidence  is  close : 


Internal  lat. 
heats  at  212«  F. 
Liquids.  in  Th.  U. 

Water. 898.82 

Chloroform 880.48 

Alcohol 91.86 

Chloride  of  carbon .  71 .  86 


Internal  lat. 

heatsat280«P. 

Atomic 

in  Th.  U. 

Differences. 

weights. 

Products. 

879.04 

14.28 

9 

128.62 

818.98 

11.60 

11 

126.50 

89.76 

2.10 

69 

123.90 

69.86 

2.00 

66 

180.00 
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And  for  a  difference  in  the  temperature  of  90°  F. : 


Interaal  Ut. 

Internal  lat. 

heHliat212<'F. 

heats  at  S03«  F. 

Atomic 

Uqnids. 

l;i  Th.  U. 

la  Th.  U. 

DIfferenoei. 

velghti. 

Prodocta. 

Water 

893. 3i 

822. OG 

71.25 

9 

• 

641.84 

Chlorofonn 

830.48 

277.36 

53.13 

11 

584.30 

Alcf)bol 

91.85 
71.35 

81.21 
60.77 

10.64 
10.53 

59 
65 

627.76 

Cliloride  of  carbon . 

687.70 

4.  "  The  derivate  of  the  Napierian  logarithm  of  the  ratio  between 
tensions  of  vapors  and  temperatures  is  constant  for  all  liquids,  when 
they  are  compared  under  the  same  circumstances  of  pressure  and  tem- 
perature." 

This  ratio  is  ^       ,       P' 

hyp-  l^g-  p 

t'— t  Now,  if  values  of  t'  are 

taken  nearer  and  nearer  to  t,  P'  converges  towards  P,  and  t' — t  to- 
wards 0,  and  the  above  expression  becomos,  for  t' — t,  the  derivate  of 
the  pressure  expressed  in  function  of  tho  temperature.  If  we  take  for 
P,  a  constant  pressure  for  all  liquids,  that  of  the  atmosphere,  t  corre- 
sponds to  the  temperature  of  ebullition ;  and  to  find  the  value  of  this 
derivate,  it  is  necessary  to  differentiate  the  equation  of  the  pressure  ex- 
pressed in  terms  of  the  temperature  for  t'=t. 

The  following  table,  expressed  in  French  units,  is  taken  from  the 
pamphlet  above  referred  to.  It  may  bo  noticed,  by  looking  at  the 
figures  expressing  the  value  of  this  derivate,  for  t'=t  and  P=the  atmo- 
spheric pressure,  that  this  derivate  A  increases  with  the  volatile  power 
of  the  liquids,  consequently,  as  Mr.  Pictot  remarks,  it  can  bo  represented 
for  all  liquids  by  a  factor  increasing  with  the  volatile  power,  multiplied 
by  a  cortain  quantity  K  tD  bo  determined  for  each  liquid : 

We  can  then  write  logically 

^    .     ,    ,        ,      P'              ^  453.2 

derivate  hyp.  log.-;^=  A  =:  K  x   ,,.>^  ^    -, z^^ 

--^— f-  P  493 . 2  4-  (t-  32) 
t  — '  t 
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In  French  units,  A  =  K  x 


274  4- 1 

The  fiictor  multiplying  K  increases  with  t'ho  volatile  power,  for  if 
the  liquid  is  more  volatile,  t,  the  temperature  of  ebullition  is  lower, 
(t  — 32)  becomes  smaller,  the  denominator  4D3.2  +  (t— 32)  diminishes, 
and  the  value  of  tho  fraction  increases.  If,  from  this  formula,  K  is  cal- 
culated, knowing  A,  from  tho  table,  the  values  thus  found  are  almost 
identically  the  same  for  liquids  as  widely  difforent  as  mercury  and  sul- 
phurous oxide.  Hence  tho  4th  propi»sition  of  Mr.  Pictet:  "Tho  deri- 
vate of  the  Napierian  logarithm,"  6cc, 
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Liquids. 

Latent  heats 

in  French 

calorics. 

Temperatures 
of  ebullition, 
C.  therm'ter. 

Derivatcs 

A. 

Values  of 
K. 

Alcohol ,. 

210. 

633.9 
84.0 
9»».12 
60.73 
92.9 
92.8 
66.6 
71.6 
94.2 

78.21 
100. 

46. 

36. 

CO. 

80. 

10. 

155. 

860. 

—  10. 

.0325 

.0346 

.03189 

.08583 

.033»7 

.030no 

.03779 

.0261 

.02tM0 

.04*374 

04^ 

Water 

.045 

8n]phido  of  carbon 

Sulphuric  ether 

Chloroform. , , 

.0:?9 

.040 

040 

Bensine 

Hydrochloric  ether 

Spirit  of  turpentine 

Mercury , 

.040 
.040 
.040 
.044 

Salphurons  aDhydiide  . . . 

.041 

Comparing  these  results  with  the  laws  of  Dulong  and  Petit,  as  to  the 
specific  heats,  Mr.  Pictet  concludes  further,  that : 

5.  "  The  latent  heats  of  all  liquids  are  multiples  of  their  specific 
heats." 

Wo  pass  now  to  the  theoretical  examination  of  the  system. 

Wo  have  a  reservoir  or  refrigerator  R,  containing  tho  sulphurous 
oxide.  A  pump  P  aspirates  the  vapors  generated  at  the  pressure  P, 
the  atmospheric  pressure,  at  tho  temperature  t  (temperature  of  ebulli- 
tion), and  compresses  them  into  a  condenser  C\  at  a  temperature  t', 
under  a  pressure  P'.  Under  that  pressure  P',  corresponding  to  the 
temperature  t',  produced  by  a  circulation  of  cold  water,  tho  gas  re- 
passes to  the  liquid  state  again,  and  is  brought  back  by  a  proper  pipe 
to  the  refrigerator  R,  at  the  original  pressure  P,  to  be  volatilized  anew. 

We  can  calculate,  knowing  P  t  and  P'  t',  the  horse  power  neces- 
sary to  obtain  the  compression  of  the  vapors  from  P  to  P'. 

The  heat  abstracted  in  refrigerator  R  by  the  volatilization  of  the 
liquid,  minus  whatever  heat  may  be  brought  back  by  tho  return  of  the 
liquid  from  condenser  from  the  temperature  t'  to  the  temperature  t  of 
refrigerator. 

These  two  quantities  representing  one  a  number  of  foot  pounds,  the 
other  of  thermal  units,  have  a  priori  no  relation  together.  It  is  only 
by  applying  the  relations  establiahed  above  by  Mr.  Pictet,  that  a  form- 
ula has  been  found  connecting  them  (formula  given  above),  and  it  is  by 
comparison  of  the  results,  thus  obtained,  by  a  machine  of  this  system, 
that  a  practical  confirmation  of  the  theory  has  been  obtained. 

After  the  compression,  the  volume  of  gas,  which  has  filled  the  pump, 
18  discharged  in  the  condenser  under  a  pressure  P'.  This  pressure  is 
the  result  of  the  work  of  the  pump,  and  the  heat  generated  during  the 
compression  of  the  vapors  from  P  to  P'  is  carried  away  by  the  circula- 
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tion  of  cold  water  in  the  condenser.  Under  that  pressure  P',  and  at  the 
temperature  t',  produced  by  the  cooling  effect  of  the  water,  the  gas  re- 
passes to  the  liquid  state,  abandoning  to  the  water  its  latent  heat  of  va- 
porization. Hence,  in  the  water  flowing  out  from  the  condenser,  must  be 
found  the  heat  corresponding  to  the  horse  power  of  the  engine,  either 
as  excess  of  temperature  of  the  gas  above  t'  (excess  resulting  from 
compression),  or  as  pressure  P',  plus  the  heat  resulting  from  the  latent- 
heat  of  liquefaction  of  the  gas.  But,  as  by  means  of  the  return  pipe  to 
refrigerator,  there  comes  back  into  the  refrigerator,  a  weight  of  liquid, 
precisely  equal  to  that  w;3ight,  which  has  entered  the  pump  in  the  gase- 
ous state,  been  compressed  and  afterwards  condensed,  in  the  reverse 
passage  of  the  volatile  liquid  in  the  refrigerator  from  the  liquid  to  tho 
gaseous  state,  there  will  be  required,  this  time  at  the  expense  of  the 
freezing  mixture  and  of  the  water  in  the  cans,  available  to  make  ice, 
an  absorption  of  heat  equal  to  that  latent  heat  ceded  to  the  water  in  the 
condenser,  minus^  of  course,  whatever  excess  of  heat  may  be  brought 
back  by  the  liquid  in  returning  to  the  temperature  t. 

Hence,  an  approximate  value  of  this  amount  of  heat,  available  to 
make  ice,  will  be  found  by  subtracting  from  the  total  amount  of  heat, 
carried  away  by  the  condensing  water,  the  thermal  equivalent  of  th« 
horse  power,  necessary  to  produce  the  compression.  This  disposes  of 
an  objection  which  has  been  raised  by  some  engineers,  that  the  amount 
of  ice  produced  by  the  machine  could  only  correspond  to  the  thermal 
equivalent  of  the  horse  power  consumed  to  produce  the  compression. 
The  following  figures  will  illustrate  it. 

There  was  in  the  refrigerator  tank  and  freezing  tank,  when  the  en- 
gine was  first  started,  24,000  lbs.  of  glycerine  and  water,  8,000  lbs. 
glycerine,  16,000  lbs.  of  water,  and  30,000  lbs.  of  water  in  cans,  in  all 
54,000  lbs.  of  liquid  ;  the  whole  mass  being  at  a  temperature  of  78**  F. 
At  4  P.  M.,  on  the  day  of  observations,  the  thermometer  stood  at 
48''  F.,  and  0  P.  M.  at  28J°  F.  Hence,  in  two  hours  the  temperature 
of  the  liquid  mass  fell  19°. 50  or  9° .75  per  hour.  Consequently  in 
1  hour  54,000  lbs.  of  water  (neglecting  the  specifio  heat  of  glycerine) 
were  cooled  9°.75,  corresponding  to  526,500  thermal  units,  absorbed 
for  the  volatilization  of  the  oxide  in  refrigerator  and  theoretically  avail- 
able to  make  ice. 

On  the  other  hand,  there  was  passing  into  the  condenser  from  actual 
measurement  160  gallons  per  minute=9,600  gallons  per  hour. 

9600X8.34  lbs.  =  80064  lbs.  water  per  hour;  the  temperature  of 
water  at  inlet  was  531*^  F.,  and  at  outlet  61|°  F. ;  difference,  8^°  F. 
Heat  absorbed  by  the  condensing  water  per  hour,  80064  x  8.5=680544 
th.  U.  The  horse  power,  consumed  by  the  pump  at  the  time  of  experi- 
mfents,  was,  from  indicator  diagrams,  54.75  HP  to  55  HP  on  an  aver- 
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nge,  the  balance  of  the  total  horse  power  of  engine  being  applied  to 
pumping  water  into  the  condenser,  for  air  pump  of  steam  engine, 
friction,  dec. 

1  horse  power  =  33000  ft.  lbs.  per  minute  =  33000  x  60  =  1980000 
ft.  lbs.  per  hour;  772  ft.  lbs.=  1  thermal  unit.  Hence,  1  horse  power 
=  2565  thermal  units;  55x2565  =  141075  thermal  units;  680544  — 
141075  =  539469  thermal  units  found  in  condenser;  526500  thermal 
units  were  found  in  refrigerator :  the  coincidence  is  close.  Reckoning 
as  the  total  horse  power  of  the  engine,  about  75  horse  power,  it  would 
give  only  192300  thermal  units  agliinst  526500.  The  objection  is  not 
sustained  by  the  facts.  This  amount  of  thermal  units,  141075,  would 
correspond  to  about  8^  tons  of  ice  at  32°  Fahr.,  and  we  obtained  16 
tons  at  an  average  temperature  of  20°  to  21°  Fahr. 

Let  us  now  calculate  the  work  of  the  pump  for  1  lb.  of  liquid.  We 
suppose  the  gas  to  compressed  isothermally,  it  is  sufficiently  correct 
for  our  examination.  Then  it  does  follow  the  hyperbolic  ratio,  and  the 
amount  of  work  required  lo  reduce  a  given  volume  V  of  gas  at  pressure 
P  to  a  smaller  volume,  corresponding  to  a  given  superior  pressure  P', 
and  to  force  it  into  a  reservoir  at  that  pressure,  is  in  terms  of  the  iiiital 

"^^'^  '  T  ft.  lbs.  =  PV  /  I  +hyp.log.^-  \ 

V  initial  volume  at  t°  Fahr.,  at  the  pressure  P  of  refrigerator  =  (at- 
mosphere pressure)  P'  final  pressure  in  condenser  ;  21 10.4  lbs.  pressure 
of  atmosphere  in  lbs.  per  sq.  foot. 

V=Vo(l+k)(t-32) 

■403  2-f(t  — 32)^~1 
493.2  J 

k=_^- 

493.2      We  make  the  calculation  for  1  lb. 

Now,  1  ft.  of  air  at  32°  Fahr.  weighs  0.0807265  lbs.  Let  d  be  the 
specific  gravity  of  the  gas  at  32°  Fahr. 

1  ft.  sulphurous  oxide  in  gas  at  32°  Fahr.  weighs  .0807265  x  ^,  and 
1  lb.  occupies  a  volume  at  32°  Fahr.  of 

^ att°of  — ^^?:?+(^-^^)-- 

.0807265  X  d  .0807265  x  <>  x  493.2        Hence,  for  1  lb. 

T  ft. lbs.  =  ^J}M1^^^J^±('.Z^)1  [^ypil^^p   + 1]  for  1  lb      (I) 

.0807205  xdx 493.2  lor  no.     ^i; 

The  heat  absorbed  in  refrigerator  per  lb.  of  cixide  v(»latilized  is  evi- 
dently Q  =  A  —  c  (f  —  t)*  ^  being  the  latent  heat  of  sulphurous  oxide  in 
thermal  units,  c  its  specific  heat,  under  constant  pressure,  and  t'and  tthe 
temperatures  of  condenser  and  refrigerator.  We  have  there  all  the 
elements  of  our  calculation. 
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This  machine,  when  first  built,  was  calculated  by  the  engineer  on  it 
basis  of  25  tons  net  in  24  hours.  Ice  being  intended  and  understood  to 
be  3"  thick,  the  size  of  ice  manufactured  in  Paris.  Objections  were 
raised  against  this  thickness,  as  not  being  merchantable  in  New  York^ 
and  6'^  thick  cakes  were  substituted.  The  consequence  was  a  falling  off  iu 
the  expected  production.  Owing  to  the  bad  conductibility  of  the  ice,  a 
point  discussed  in  another  part  of  this  paper,  while  speaking  of  the  forma> 
lion  of  ice,  the  heat  required  in  the  refrigerator  for  the  volatilization  of 
the  oxide,  was  absorbed  at  the  expense  of  the  bath  of  glycerine  and 
water,  which  reached  a  very  low  temperature,  and  at  that  of  the  ice 
formed,  which  showed,  in  the  experiments  quoted  above,  as  \oW  an 
average  temperature  as  23^  F.,  instead  of  this  cold  being  applied  to 
freeze  fresh  quantities  of  water  at  32°  F.  In  a  comparison  of  the 
theoretical  with  the  practical  results,  water  should  be  only  brought  to 
32°  F.,  and  then,  the  latent  heat  of  fusion  having  been  absorbed,  ti^ns^ 
formed  into  ice  at  32°  F.  If  the  ice  goes  down  in  temperature,  as  was  the 
case  on  account  of  the  causes  mentioned,  the  real  theoretical  production  of 
cold,  or  rather  the  heat  absorbed  in  the  refrigerator  for  the  volatilizdtion 
of  oxide,  could  only  be  ascertained  by  adding  to  the  amount  of  ice,  actually 
produced  at  a  certain  temperature,  the  equivalent  of  the  difference  be- 
tween this  temperature  and  32°  F.,  and  the  excess  of  cold  contained  in 
the  bath,  beyond  what  may  be  called  the  working  temperature,  "that 
this  assertion  is  correct,  is  corroborated  by  the  fact,  that  direct  experi- 
ments showed  in  the  refrigerator  the  absorption  of  526,500  thermal  units 
per  hour,  which,  at,  say,  200  thermal  units  necessary  to  transform  i  lb. 
of  water  (at  78°  F.)  itito  ice  at  32°  F.,  would  give  a  production  of  over 
30  tons  in  24  hours. 

A  direct  experiment  was  made  with  a  can  3'  wide.  Ice  was  formed 
solid  in  S^-  hours  on  nn  average,  the  cake  weighing  12^^  lbs. 

One  large  cake,  6'  thick,  weighs  at  least  75  lbs.  Six  of  the  smatt 
cans  would  be  equivalent  to  one  large  one,  but  the  ice  of  6*,  under  the 
same  conditions  of  fieezing  as  the  ice  3'  thick,  had  not  the  thickness 
which  might  be  inferred. 

The  tiine  of  freezing  would  have  been  directly  proportional  to  the 
weight  of  ice  to  be  formed,  and  75  lbs.  would  have  been  frozen  in  6  x  3.5 
liours=21  hours.  As  there  were  628  of  these  large  cans  in  the  tank,  75X 
628=46,600  lbs.  would  have  been  frozen  in  21  hours,  corresponding  to 
53,600  lbs.  or  26.8  tons  in  24  hours.  Actually  the  628  cans  were  frozen 
in  35  to  36  hours,  corresponding  to  about  16  tons  within  24  hours. 
Practice  alone  teaches  the  allowance  to  be  made  in  such  cases.  There 
were  for  this  machine  other  causes  of  loss  resulting  from  mechanical 
airangements,  and  which  could  have  been  remedied. 

In  a  machino  producing  thin  cakes,  the  temperature  of  the  ice  formed 
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18  little  below  82°  F.  Heat  \s  rapidly  absorbed  from  the  water  for  the 
volatilization  of  the  oxide,  and  the  working  is  more  in  conformity  with 
the  requirements  of  theory.  We  have  said  that  a  too  low  tempeniture 
in  the  bath  was  not  desirable.  This  is  due  to  the  fact,  constant  for  all 
machines  producing  cold,  that  the  production  of  cold  is  greater  when  the 
volatile  liquid  is  at,  or  nearly  at»  the  temperature  of  ebullition,  than 
when  it  is  at  a  lower  temperature.  If  the  temperature  goes  below  this 
point  in  the  refrigerator,  the  gas  aspirated  in  the  pump  is  less  dense.  A 
temperature  of  14**  F.  (point  of  ebullition  of  sulphurous  oxide),  in  the  re- 
frigerator about  corresponds  to  a  temperature  of  23°  F.  in  the  bath. 

Let  us,  then,  take  25  tons  net  of  3  inches  as  the  basis,  on  which  really 
the  machine  was  calculated.  To  this  an  allowance  of  about  8%  must  be 
made  for  loss  of  ice  by  immersion  in  hot  water  to  loosen  it  from  the  cans 
^a  quantity  which  could  very  readily  be  diminished  by  proper  arrange- 
ments). This  gives  27  tons  in  tank  to  obtain  the  net  25  tons  in  ice 
liouse.  The  water,  when  experiments  were  made,  was  at  79°  F.  Now, 
each  pound  of  water,  at  791^  F.,  to  reach  32°  F.,  requires  the  absorption 
of  79—32=47  thermal  units,  and  to  pass  into  the  state  of  ice  at  32°  F., 
the  absorption  of  142.3  thermal  units  additional  (latent  heat  of  fusion), 
in  all,  189.3  thermal  units,  to  be  absorbed  in  the  refrigerator  by  the  vola- 
lilization  of  the  oxide  per  pound  of  water.  27  tons  in  24  hours  giv« 
per  hour  ^^4*^^1=2250  lbs.  of  water  to  be  frozen  ;  consequently,  2250 X 
189.3  thermal  units  per  hour  to  be  absorbed  in  refrigerator =Q =425925 
thermal  units,  and  per  minute  ^f"^= 7098.8  thermal  units. 

Let  p  be  the  weight  of  oxide  volatilized  per  minute. 

Q  =  7098.8  =r. [Z- c ( t'- 1 )]  X  p  lbs. 
it  latent  heat  of  vaporization  of  sulphurous  oxide  =  170.10  th.  u.  per  lb. 
c  specific  heat  under  constant  pressure  s  0.35. 

t '  temperature  condenser  ==  05°  F.  t  temperature  refrigerator  =-  13°.5  F. 
P  pressure  in  refrigerator  s=  from  gauge  at  pump,  13  lbs. 
in  refrigerator  by  gauge  1^  =  14.00  lbs.  (showing  a  loss  of  1  lb.  by  fric- 
tion in  pipes.) 
P '  pressure  in  condenser  by  gauge,  38  lbs.  75+14.72  atmos.  —  53.47  lbs. 

total. 
7098.8  =  p  [170.10-0.35  (65  -  13.5)]  =  p  (170.10  -  18.02)  =  152.08  x  p. 

p  =  46.68  lbs. 

Introducing  this  value  of  p  in  the  equation  of  the  work  of  the  pump 
4I I  we  have 

T  ft.  lbs.  =  p  r?ilMi»i:l+M?))l  X  Fl +byp.log.n 
^  L    .0807265  X  J  X  403.2 J     L         "'  ^     *^  F  J 

?.  =  -^?l1!=4.1 13.  d  =  2.1 16. 

X  Jo 

tiyp.  log.  4.1 13  =  com.  log.  4.1 13  x  hyp.  log.  10  =  com.  log.  4,1 13  x  2.3020. 
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.-.  T  ft.  lbs.  per  minute  =  40.68  x  12913.8  x  2.42. 

T  =  1458820  ft.  lbs.  per  minute. 

1  horse  power  ^  33000  ft.  lbs.  per  minute. 

T  =  44.27  hors3  power. 

At  the  time  the  experiments  were  made,  the  number  of  re'«'olutioD» 
of  engine  was  60  per  minute,  and  the  horse  power,  by  diagram,  74.87 
horse  power.     Deducting  the  horse  power  necessary  for  transmission 
pumping,  dec,  talcen  from  friction  xliagratns,  this  would  leave  for  the 
work  of  pump,  54.87  horse  power,  counting  10  per  cent  for  the  slip  of 
the  pump,  this  gives  49.39  horse  power.     Found  by  formula,  44.27. 

If  we  make  the  same  calculations,  reckoning  as  the  maximum  526,500 
Ih.  units  found  in  refrigerator  in  one  of  the  experiments,  we  come  to 

T  =  54.35  horse  power. 

Other  experiments  made  at  different  times  and  at  different  tempera- 
tures in  the  refrigerator,  showed  an  absorption  of  heat  from  500,000  to 
530,000  thermal  u^its  per  hour. 

In  practice  sufficient  allowances  must  be  made  in  the  horse  power  re- 
quired, capacity  of  tanks  and  pumps,  for  ci  cumstances,  such  as  thickness 
of  ice  required  by  the  trade,  loss  by  radiation  in  tanks  and  pipes. 

In  calculating  such  machines,  attention  must  be  given  to  these  qups> 
tions.  Experience  alone  can  teach  their  importance  and  value.  We 
have  tried,  in  another  part,  to  examine  their  influence  on  the  production* 
What  we  intended  to  prove  was,  that  the  theoretically  calculated  horse 
power  corresponding  to  the  heat  absorbed  in  refrigerator  (if  not  to  the- 
quantity  of  ice  actually  taken  out),  agrees  with  the  horse  power  really 
consumed  in  practice  by  the  pump,  a  coincidence,  which  proves  the 
soundness  of  the  principles,  on  which  this  system  is  based. 

A  run  of  five  months  in  the  conditions  of  a  maintained  commercial 
production,  proves,  that  the  properties  of  the  oxide  are  not  modified  by 
its  successive  volatilization  and  condensation,  and  the  simplicity  of  the 
mechanism  and  other  advantages  resulting  from  the  chemical  and  phys> 
ical  properties  of  the  cold-pruducing  agent,  authorize  us  to  say  that  this 
system  can  be  classed  amongst  the  most  economical  for  the  production, 
of  artificial  ice. 

We  will  only  mention  its  numerous  applications  to  the  cooling  of  air 
or  liquids  for  technical  purposes,  such  as  for  breweries,  cold  storages, 
chemical  works,  cooling  of  buildings,  preservation  of  meats  on  board  of 
steamers  or  cars.  We  have  tried  to  collect  and  present  practical  facts, 
from  our  own  observations  and  experiments,  and  give  a  resume  of  the 
principal  scientific  questions  involved  in  the  running  of  such  machines^ 
quoting  freely,  and  textua41y  sometimes,  from  such  a  competent  an  au- 
thority as  the  inventor  himself. 
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I. — Fboceedinos. 
Megular  Meeting^  January  Sd,  1878. 

The  meeting  was  called  to  order  at  8.15  P.  M.,  Vice-President 
O&andler  in  tbe  chair. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  Committee  on  Papers  and  Publications  announced,  that 
they  had  made  arrangements  with  Messrs.  Baker  &  Godwin  for 
the  publication  of  the  proceedings. 

ilie  following  members  were  elected :  Prof.  Leeds,  Hoboken, 
:N^.  J. ;  Wm.  T.  Lees,  New  York;  M.  E.  Waldstein,  New  York; 
M.  S.  Thompson,  New  York ;  L.  F.  Beckwith,  New  York ;  Prof. 
D.  Fisher,  New  York. 

The  following  were  proposed  as  members:  Dr.  von  Gehren, 
New  York;  Dr.  H.  J.  Schmitz,  Leroj,  N.  Y. ;  J.  Tschermac, 
Paris ;  A.  L.  Thompson,  Berlin. 

Prof.  Leeds  read  a  paper  on  a  new  method  for  estimating 
nitrates  in  potable  waters. 

Adjourned. 

M.  ALSBERG, 

Secording  Secretary, 


II. — Contributions  from  the  Laboratory  of  the  Stevens  Institute 

OF  Technoloot. 

BY  ALBERT  R.   LEEDS. 

water  analysis. 

1.  Distilled  Water  employed, — Distilled  water  frequently  contains  a 
much  larger  amount  of  ammonia  than  the  natural  water  to  be  tested. 
The  water  of  tbe  Passaic,  according  to  the  mean  of  nine  determinations 
made  during  the  months  of  October  and  November,  1877,  contained  in 
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100,000  parts  0.0033  parts  of  ammonia ;  distilled  water,  oondensed  in 
a  Btill,  connected  with  a  system  of  steam  ooils  and  a  boiler  fed  with  Uie 
Passaic  water,  containing  14  times  this  amount  of  ammonia,  or  0.45 
parts.  In  determination  of  the  nitrates,  distilled  water  free  Irom  am- 
monia is  essential,  but  in  the  performance  of  the  Nessler  tests,  except 
in  the  previous  preparation  of  the  standard  ammonia  solution,  it  is  not. 
Ordinary  distilled  wat«r  is  boiled  with  a  gramme  or  two  of  potash, 
until  .it  ceases  to  give  a  reaction  with  the  Nessler  reagent,  and  ttsed  in 
making  the  tests.  Sodium  carbonate  cannot  be  used,  since  it  would 
affect  the  reagent,  but  the  presence  of  potash  is  advantageous  rather 
than  otherwise. 

2.  Preparation  of  the  NetiUr  Reagent. — The  following  will  be  found 
more  convenient  than  the  directions  usually  given. 

J>issolve  25  grms.  of  potassium  iodide  in  100  c.c.  of  water,  and  add  a 
cold  concentrated  solution  of  corrosive  sublimate,  until  a  slight  per* 
manent  precipitate  is  formed.  Add  50  grms.  of  potash,  make  up  the 
volume  to  250  c.c,  allow  to  settle  and  decant  upon  an  asbestos  filter. 
A  large  amount  of  mercuric  carbonate  is  formed  from  the  carbonate 
present  in  the  potassium  iodide  manufactured  in  this  country,  and  is 
thus  readily  filtered  out. 

3.  Color- comparator  uied  in  NeiiUriting,  tie. — In  obtaining  by 
comparison  with  solutions  containing  known  amounts  of  ammonia,  the 
percentages  of  ammonia  in  the  successive  distillates,  a  considerable  ex- 
penditure of  time  is  requisite,  and  fresh  comparison  liquids  are  requisite 

for  each  analysis.  In  order  to 
obviate  this  loss  of  time  and 
trouble,  the  color-eomparalor, 
figured  in  the  accompanying 
wood-cut,  has  been  devised. 

It  is  a  rack,  made  of  sheet 
brass  or  tin-plate,  about  16 
inches  wide  and  of  about  the 
same  height  It  is  made  to  hold 
10  comparison  tubes,  each  of 
which,  when  filled  to  the  same 
depth  (6  inches),  contains  pre- 
cisely 100  c.c.  A  movable 
mirror,  4  inches  wide,  reflects 
the  light  downward,  through 
these  comparison  tubes,  and  the 
light,  after  passing  through  slits 
coioa«>iic*»*Tom.  (|  inch  long  and  |  inch  wide), 

cut  in  a  stage  beneath,  is  reflected  outward  to  the  eye  by  a  similar 
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movable  mirror.  The  comparison  is  effected  by  a  prism  which  rests 
upon  this  stage,  and  is  moved  out  or  in.  Not  having  a  solid  bottle 
prism,  this  prism  was  constructed  after  a  design  of  President  Morton's, 
by  cementing  within  four  walls  of  plate  glass  the  top  and  bottom  sides 
of  the  prism.  The  prism  is  filled  through  a  hole  in  the  forward  end, 
which  is  afterwards  sealed.  It  is  10  inches  long  and  2^  inches  broad  at 
the  base. 

Some  difficulty  was  experienced  in  finding  a  comparison  liquid  which 
would  follow  the  tints  given  by  the  Nessler  test,both  in  very  dilute  and 
more  concentrated  solutions  of  ammonia.  It  was  found  that  neutral  fer- 
ric chloride,  potassium  sulphocyanide  and  nickel  chloride,  in  proper  pro- 
portions, gave  identical  tints,  but  the  solution  decomposed  on  keeping. 
After  many  trials,  in  which  the  chlorides  of  gold  and  platinum  and 
other  salts  were  employed,  with  the  admixture  of  coloring  matters,  and 
of  similar  mixtures  with  infusions  of  tea,  coffee,  &c.,  we  finally  suc- 
ceeded in  obtaining,  with  caramel  solution  and  a  small  addition  of  ani- 
line red,  a  satisfactory  comparison  liquid.  Above  the  prism,  in  the 
comparator,  a  comparison  tube  with  distilled  water  is  placed.  The 
comparison  liquid  is  made  of  such  strength,  that  the  light,  after  travers- 
ing its  greatest  depth  in  the  prism,  shall  give  a  tint  corresponding  to 
10  centimilligrammes  of  ammonia.  An  application  scale  is  prepared 
once  for  all,  by  comparing  the  tints  given  by  the  prism  with  those 
given  by  known  solutions  of  ammonia  and  the  Nessler  test,  in  100  or 
50  C.C.  of  distilled  water  placed  in  the  comparison  tubes.  The  readings 
are  accurate  within  0.005  milligramme  of  ammonia. 

Precautions  in  Nesslerizing, — It  became  of  importance  to  determine 
whether  a  sample  of  water  gave  the  same  percentage  of  ammonia  and 
albuminoid  ammonia,  when  analyzed  a  second  time  after  the  lapse  of 
an  interval.  It  was  found  that  a  sample  of  the  Passaic  water,  collected 
November  I'ith,  contained  in  100,000  parts  0.002  parts  of  ammonia 
and  0  012  parts  of  albuminoid  ammonia,  and  the  same  sample  analyzed 
November  16th,  contained  0.002  parts  of  the  former  and  0.0127  of  the 
latter,  showing  that  in  this  case  at  least  no  change  had  occurred. 

To  see  whether  the  distillates  lost  ammonia  on  standing,  they  were 
Nesslerized  after  standing  12  hours,  and  were  found  not  to  have  lost. 
The  use  of  a  drop  of  hydrochloric  acid,  which  had  previously  been 
added  in  such  cases,  was  therefore  discontinued. 

Determination  of  Chlorine, —It  was  found  that  the  percentage  of 
chlorine,  as  determined  in  the  Passaic  water,  which  is  slightly  colored, 
by  the  ordinary  volumetric  method,  using  potassium  chromate  as  an 
indicator,  differs  from  that  obtained  by  the  gravimetric  method,  and 
that  in  very  accurate  determinations,  or  where  the  chlorine  present  in 
drinking  waters  of  various  localities  is  to  be  compared,  the  gravimetric 
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method  is  preferable.  Thus,  2000  c.o.  of  Passaic  water  (sample  col- 
lected November  26th),  evaporated  to  dryness,  a  little  lime  water  added 
at  the  last  to  destroy  organic  matter,  gave  0.0239  grm.  AgCl,  correspond- 
ing to  0.295  parts  CI  in  100,000 ;  1500  c.c,  same  sample  treated  sim- 
ilarly, gave  0.0178  grm.  AgCl,  corresponding  to  0.293  parts.  Two 
separate  portions,  each  of  50  c.c,  same  sample,  gave  on  titration  0.26 
and  0.25  parts.  It  will  be  noted  that  the  percentages  by  titration  are 
lower  than  those  by  precipitation.  It  was  found  that  the  addition  of 
alkaline  carbonate  to  a  solution  of  sodium  chloride  of  known  strength 
did  not  influence  the  readings,  potassium  chromate  being  the  indicator. 
From  this  result  it  would  appear  that  the  above  discrepancy  is  not  due 
to  the  presence  of  salts  other  than  the  chloride  in  natural  waters,  but 
more  probably  to  their  slight  color,  which  would  operate  to  make  it 
appear  that  the  end-reaction  had  been  arrived  at  before  such  was  actu- 
ally the  case.  This  view  derives  support  from  the  results  arrived  at  in 
the  following  experiment : 

500  c.c.  of  Passaic  water,  evaporated  to  dryness,  with  slight  excess 
of  lime  water,  the  residue  dissolved  hot,  brought  to  250  cc,  and 
filtered : 

50  c.c.=1.03  c.c.  silver  solution,  corresponding  to  0.26  pts.  CI  in  100,000. 
50c.c.=1.00c.c.  "  "  "  0.25  "     "    "      " 

50  cc.  same  water  in  original  condition,  0.22  "     "    "      " 

50  cc     "         "      "        "  "  0.20  "     "    "      *' 

Here  the  ratio  between  the  chlorine  percentage,  as  determined  by 
titration  in  the  water  in  its  original  condition,  and  after  the  coloring 
matter  had  undergone  destruction,  is  the  same  as  the  ratio  between  the 
chlorine  percentage  as  determined  by  titration  and  by  the  ordinary 
gravimetric  method.  The  conclusion  is,  that  in  the  titration  of  waters 
at  all  colored,  the  organic  matter  must  be  destroyed  beforehand,  in 
order  to  secure  the  most  accurate  results. 

Method  of  Chlorine  Estimation. — ^The  standard  silver  nitrate  solution 
is  prepared  by  dissolving  1.198  grm.  of  the  carefully  prepared  dry  salt, 
and  making  up  the  volume  to  one  litre,  so  that  1  c.c.  is  equivalent  to 
0.25  mgrm.  of  chlorine.  The  potassium  chromate  solution  is  prepared 
by  saturating  100  cc  of  distilled  water  with  the  neutral  salt,  and  dilut- 
ing to  200  cc  The  estimation  of  the  chlorine  contained  in  the  indica- 
tor must  in  no  case  be  omitted.  To  this  end,  one  of  the  comparison 
tubes,  such  as  employed  in  Nesslerizing,  is  filled  up  to  the  50  c.c  mark 
with  distilled  water,  and  1  c.c  of  the  potassium  chromate  solution  added 
from  a  1  cc.  pipette.  The  silver  solution  is  then  run  in,  a  bulb  stirrer 
being  used  until  a  permanent  red  coloration  is  reached,  and  the  fraction 
of  a  cubic  centimetre  noted.    This  amount,  determined  with  great  care, 
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is  to  be  subtracted  from  that  obtained  when  the  natural  water  is  titrated. 
Another  comparison  tube,  filled  to  the  50  c.c.  mark,  and  1  c.c.  of  the 
indicator  added,  is  titrated  in  like  manner.  Half  the  result,  corrected 
as  above,  gives  the  amount  of  chlorine  in  parts  per  1 00,000.* 

When  the  waters  are  at  all  colored,  and  it  is  desirable  to  approach 
OS  nearly  the  accuracy  of  the  gravimetric  method,  as  this  method  of 
titration  is  capable,  evaporate  500  c.c.  to  dryness,  with  slight  excess 
(about  1  c.c.  is  usually  sufficient)  of  lime  water.  These  evaporations 
are  very  quickly  performed  when  a  platinum  basin,  with  a  suitable 
rose  burner,  is  employed.  Heat  the  residue  to  low  redness,  treat  with 
hot  water,  filter,  make  up  the  volume  to  100  cc,  and  titrate  in  two 
separate  portions  of  50  c.c.  each.  The  lime  water  employed  should  be 
expressly  prepared,  by  converting  pure  marble  into  caustic  lime  in  a 
platinum  crucible. 

Esiimatiofi  of  Chlorine  after  Distillation, — If  it  were  possible,  by 
distilling  a  considerable  volume  of  natural  water  with  a  large  excess  of 
acid,  to  drive  off  all  chlorine  in  the  first  portions  of  distillates,  these 
difficulties  would  be  more  than  surmounted.  To  600  c.c.  of  aq.  dist. 
10  cc.  of  a  solution  containing  1.1633  grms.  NaCl  in  one  litre  were 
added,  and  also  50  c.c.  sulphuric  acid.  The  first  six  distillates  of  50  cc. 
each  contained  no  chlorine,  the  five  following  indicated  chlorinQ  in  in- 
creasing quantities. 

The  method  therefore  is  not  feasible. 

Estimation  of  Nitrates, — ^The  apparatus  recommended  by  Prof. 
Thorpe  in  his  original  article  was  employed,  except  that  a  Wolff's  safety 
tube  was  found  more  convenient  than  a  thistle  tube  with  glass  stop- 
cock, to  introduce  fresh  portions  of  water  in  distilling.  Also  that  the 
distillations  can  be  carried  safely  to  dryness  with  a  Wetherill  burner, 
and  much  less  time  employed  than  when  a  rose  or  Bunsen  burner  is 
employed.     Obtained  the  following  results  : 

I.  With  3  grms.  of  zinc  foil,  cut  into  thin  threads,  and  precipitated 
copper,  2.446  mgrm.  KNO„  distilled  3  times  to  dryness,  15  cc  of 
water  being  employed  each  tiiYie.  Found  ammonia,  corresponding,  in 
three  trials,  to  2.38,2.37  and  2.38  mgrms.  KNO,.  In  each  case,  the  res- 
idue, on  redistilling,  gave  no  further  traces  of  ammonia. 

II.  Precipitated  Cu  from  CuSO^  solution  by  1.5  grms.  steel  turn- 
ings, washed  carefully,  and  added  1 .5  grms.  steel  turnings.  2.446  mgrm. 
KNO,  distilled  3  times  to  dryness,  15  cc.  of  water  each  time,  gave 
HjN,  corresponding  to  2,454  mgrm.  KNO,.     Redistilled  3  times  with 

*  The  extensive  use  which  Prof.  Thorpe's  excellent  **  Quantitative  Chemical 
Analysis  **  has  deservedly  met  with,  will  excuse  my  calling  attention  to  the  erratum 
on  p.  817  of  that  manual,  where  the  direction  is  given  to  double  instead  of  halve  the 
number  of  c.c.  employed  in  like  instance. 
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15  c.c.  gave  H,N,  corresponding  to  0  015,  or  a  total  of  2.469  mgrm. 
KNO,. 

It  will  be  noted  that  the  results  obtained  in  1.  are  lower,  those  in  11. 
higher  than  the  theoretical,  and  not  knowing  at  the  time  the  true  cause 
of  the  discrepancy,  it  was  thought  advisable  to  employ  with  the  iron  a 
more  electro-positive  element  than  copper.  Such  a  couple  exists  in 
pig  iron. 

HI.  3  grms.  pig  iron,  with  2.446  mgrm.  KNO„  were  distilled  3  times 
with  15  c.c.  aq.  dist.  Obtained  ammonia  corresponding  to  5.206  mgrm. 
KNO,. 

Since  the  water  used  in  all  these  and  the  subsequent  experiments 
was  known  to  contain  not  the  slightest  trace  of  ammonia,  the  excess  of 
ammonia  in  III.  was  probably  derived  from  the  nitrogen  in  combination 
in  the  pig  iron.  Although,  in  the  course  of  the  reduction  of  potassium 
nitrate,  potassium  hydrate  had  been  formed,  and  pure  water,  as  is  well 
known,  is  one  of  the  poorest  electrolytes  known,  yet  the  following  ex- 
periment was  tried  with  significant  result : 

IV.  3.65  grm.  similar  pig  iron,  distilled  3  times  with  15  c.o  aq. 
dist.,  gave  off  0.01  mgrm.  H,N. 

V.  Into  the  flask,  after  conclusion  of  IV.,  0.3  grm.  NaOH  (from 
sodium)  was  introduced,  and  the  operation  continued : 

1st  distillation,  3  times  to  dryness  with  15c.c. =0.0325  mgrm.  HjN. 

"  "  *'  "  15o.c.=0.0300  " 

"  "  "  "  15c.c. =0.0325  "          " 

"  *•  *•  "  15C.C. =0.0325  •  " 

"  "  "  "  15c.c. =0.0075  « 

"  "  "  "  15c.c.=0.0080  "          " 

"  "  "  "  15c.c.= 0.0090  " 


2d 

(( 

3 

3d 

« 

3 

4th 

« 

3 

5th 

« 

3 

6th 

it 

3 

7th 

it 

3 

Total,  ammonia  being  still  evolved, =0.1 520 


i< 


Not  only  is  this  result  of  interest  in  itself,  but  it  is  evident  that  if 
iron,  in  any  form,  is  employed  in  the  reduction  of  nitrates,  the  precau- 
tion must  be  taken  of  determining  whether  the  iron  alone  evolves  am- 
monia, when  heated  with  alkaline  solution. 

VI.  250  c.c.  Passaic  water  (Nov.  26th,  1877)  evaporated  to  dry- 
ness, at  the  last  with  a  pellet  of  caustic  lime.  Residue  added  to  3  grms. 
zinc  cuttings  with  spongy  copper,  and  distilled  3  times  with  15  c.c.  aq. 
dist.  Obtained  0.15  mgrm.  H^N,  corresponding  to  0.222  parts  IINOj 
in  100,000. 

VII.  250  c.c.  same  water,  similarly  treated,  but  instead  of  spongj 
copper,  bright  copper  obtained  on  throwing  down  copper  from  its  sul- 
phate by  iron  turnings,  was  employed.     Obtained  0.14  mgrm.  H^N. 


2d 

3 

t< 

3d 

3 

(( 

4th 

3 

(( 

5th 

3 

t. 

6th 

3 

a 

u 

15c  c. =0.0175 

it 

15c.c.=0.0l50 

«< 

15cc.= 0.0250 

it 

15c.c. =0.0100 

« 

15c  c. =0.0225 
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VIII.  250  C.C.  same  w^ter,  similarly  treated,  but  with  3.9  grm.  pig 
iron  as  the  reducing  agent. 

Ist  distillation,  3  times  to  dryness  with  15c.c. =0.0145  mgrm.  HtN. 

ti 

«( 

i( 

Total,  ammonia  being  still  evolved, =0.235 

In  other  words,  0.085  mgrm.  of  ammonia  above  that  corresponding 
to  all  the  nitrates  present  had  been  obtained,  and  the  experiment  was 
not  concluded. 

The  above  results  render  it  probable,  that  some  of  the  ammonia  ob- 
tained in  steam  condensed  from  iron  boilers,  may  be  due  to  reduction  of 
the  nitrates  present  naturally  in  the  water  used. 

New  Method  for  the  Eetimation  of  Nitrates  in  Potable  Waters, — The 
ATTiTnonia  and  albuminoid  ammonia  were  determined  in  500  c.c.  of  Passaic 
water  (Nov.  26th,  same  sample).  The  former  amounting  to  0.002  parts, 
the  latter  to  0.02  parts  in'  100,000.  The  process  was  conducted  as  usual 
in  a  litre  retort,  and  when  the  distillates  given  off  in  the  second  stage  of  the 
operation,  after  the  addition  of  50  c.c.  of  potassium  permanganate  and  pot- 
ash solution,  had  ceased  to  contain  ammonia,  the  boiling  was  interrupted 
only  long  enough  to  introduce  6  grms.  of  finely  divided  zinc  and  spon- 
gy copper  through  the  tubulure.  The  permanganate  at  once  changed 
color,  becoming  green,  and  within  two  minutes,  reddish  brown,  from 
conversion  into  hydrated  oxide  of  manganese. 

1st,  100c.c.=0.09  mgrm.  H3N.       |       5th,  100c.c.=:=0.02  mgrm.  H,N. 
2d,  100c.c.=0.25       "  "  I       6th,  100c.c.=0.01       " 


it  it 

it 


7th,  100c.c.=0.00       " 


ti 

it 


3d,  100cc.=0.15 
4th,  100c.c.= 0.09       " 

Total 0.61     •" 

As  350  c.c.  had  been  distilled  off  in  the  determination  of  the  am- 
monia, it  was  necessary  to  add  100  c.c.  of  boiling  aq.  dist.  before  each 
of  the  preceding  seven  distillations,  except  the  first. 

The  amount  of  ammonia  thus  found  is  about  double  the  true  amount, 
as  determined  in  VI  (supra) ;  50  c.c.  of  the  permanganate  solution  alone 
were  therefore  distilled  with  6  grms.  zinc-copper,  and  successive  deci- 
litres of  aq.  dist.    Obtained  : 

1st,  100c.c.=0.30  mgrm.  KNO, 
2d,    100c.c.=0.02      "  " 

3d,    100c.c.=0.00      "  " 
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The  total  of  0.32  mgrm.  subtracted  from  0.61  mgrm.  gives  0.29 
mgrm.,  coresponding  to  0.214  parts  HNO,  in  100,000,  which  is  nearly 
identical  with  the  result  obtained  in  VI  by  the  usual  method. 

The  advantages  Of  the  new  method  are,  that  500  c.c.  are  sufficient  for 
the  three  estimations,  which  are  performed  consecutively  by  means  of 
the  same  simple  apparatus.  Of  course  the  determination  of  the  nitrates 
present  in  50  c.c.  of  the  permanganate,  which  should  be  accurately 
measured- off  in  a  50  c.c.  pipette,  is  made  once  for  all  for  the  same  solu- 
tion. With  assistance  of  the  color-comparator,  the  three  estimations 
should  be  concluded  within  1}  hrs. 

A  greater  degree  of  accuracy  however  is  obtained,  though  with  a 
corresponding  expenditure  of  time,  when  the  operation  is  suspended  as 
soon  as  all  the  albuminoid  ammonia  has  been  distilled  over,  and  the 
contents  of  the  retort  allowed  to  cool.  The  zinc-copper  couple  is  then 
introduced,  and  allowed  to  stand  an  hour,  or  preferably  over  night. 

The  method  assumes  that  the  nitrogenous  organic  compounds,  and 
ammonia  as  well,  are  not  oxidized  by  potassium  nitrate  with  the  forma* 
tion  of  nitrates  and  nitrites.  If  such  is  the  case,  the  validity  of  the 
method  is  destroyed.  Suitable  experiments  have  been  instituted  to  de- 
termine these  points.  In  the  mean  time,  the  close  agreement  between 
the  amounts  of  nitrates  as  estimated  bv  this  method  and  the  one  usual- 
ly  employed,  indicates  that  in  these  cases  at  least,  the  oxidation,  if  any 
such  occurred,  was  too  slight  to  affect  the  values  found.* 

Quaniitative  JSaUmation  of  Color  in  Potable  Waters. — ^The  method 
ordinarily  employed  is  to  (ill  cylinders  of  a  certain  diameter  and  depth, 
with  the  same  volumes  of  the  waters  under  examination,  and  then  by 
descriptive  terms  to  describe  the  tints  as  compared  with  one  another  and 
with  distilled  water.  But  as  a  general  rule,  these  tints  are  not  so  far 
different  from  those  which  may  be  obtained  by  weak  solutions  of  car- 
amel, and  these  again  from  those  imparted  by  the  Nessler  reagent  to 
minute  amounts  of  ammonia  in  solution,  that  a  properly  graduated 
wedge  may  not  be  used  in  quantitatively  estimating  depth  of  tint,  in  the 
color-comparator.  Thus  on  Dec.  14th,  1877,  the  color  given  by  100  c.c.  of 
Passaic  water  in  one  of  the  comparison  tubes,  more  nearly  corresponded 
to  that  communicated  by  the  wedge  when  shoved  in  to  a  point  equiva- 
lent to  0.075  mgrm.  ammonia,  than  to  any  other  point  on  the  scale, 
and  this  figure  might  therefore  be  taken  as  expressing  the  tint  of  the 
water  at  that  date. 


*  Since  writing  the  above,  an  article  has  appeared  in  the  Ber.  der  Deatsch.  Cbem. 
Gesell,  Vol.  X,  No.  17,  by  S.  Hoogewerff  and  W.  A.  Van  Dorp,  stating  that  their  ex- 
periments show  that  ammonia  does  not  undergo  oxidation  by  potassium  perman- 
ganate.   Aniline,  however,  yields  nitrates  and  nitrites  in  not  inconsiderable  quantifies. 
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DRTBRMINATION  OF  NITBIC  AOID  BT  TRAN8F0BMATI0K  INTO  AMMONIA. 

A. — In  Aqueous  Solution. 

I.  28  grms.  Zn  foil  in  thin  cuttings,  with  spongy  copper  precipi-^ 
tated  from  solution  of  cuprie  sulphate,  distilled  to  dryness  in  flask  with 
0.58  grm.  KNO,  and  50  ce.  water.  The  distillates  were  received  into 
normal  acid,  and  titrated  with  normal  soda  solution.  The  distillat<) 
corresponded  to  11.47  p.  c.  KNOg.  Residue  allowed  to  stand  48  hrs. 
with  15  o.c.  water  and  redistilled.  Repeated  3  times  with  15  c.o.  water, 
an  interval  of  20  min.  being  allowed  between  each  distillation.  Amount 
of  nitrate  corresponding  to  these  60  c.c.  was  2.26  p.  o. 

II.  Conducted  similarly,  an  interval  of  42  hrs.  elapsing  before  the 
first  50  C.C.  were  distilled  over ;  obtained  54  p.  c.  Redistilled  3  times 
with  15  c.c,  obtaining  an  additional  1.11  p.  c.  Again  redistilled  3  times, 
after  addition  of  12  grms.  zinc  cuttings,  2.43  p.  c.    Total,  57.54  p.  c. 

III.  When  15  grms.  copper,  obtained  by  precipitation  from  cuprie 
sulphate  by  turnings  of  soft  iron,  were  employed,  with  the  same  amount 
of  zinc  cuttings  as  in  previous  experiments,  eight  distillations  being 
made  with  intervals  between  them,  and  145  c.c.  in  all  of  liquid  being  dis- 
tilled over,  a  total  of  23.5  p.  c.  only  was  obtained.  This  experiment 
shows  that  spongy  precipitated  copper  is  essential. 

.IV.  25  grms.  zinc  cuttings  were  left  for  10  min.  in  contact  with  a 
warm  solution  of  cuprie  sulphate,  kept  strongly  colored.  A  large 
amount  of  spongy  copper  was  precipitated,  red,  not  black,  as  when  a 
dilute  cold  copper  solution  was  employed.  Allowed  to  stand  for  20 
hrs.  and  distilled ;  }  ielded  81.6  p.  c.  Three  subsequent  distillations  with 
water  alone,  and  a  fourth,  after  addition  of  1  grm.  soda,  afforded  no  ad- 
ditional result. 

B.— //I  Alkaline  Solution. 

V.  28  grms.  zinc  cuttings,  with  copper  precipitated  as  above,  were 
allowed  to  stand  with  50  c.c.  water,  containing  0.498  grm.  KNO,  (the 
same  amount  of  nitre  as  was  used  in  experiments  II,  III  and  IV),  and  7 
grms.  potash  for  1  hr.,  and  then  distilled  ;  obtained  97  p.  c.  No  addi- 
tional result  was  obtained  on  repeating  the  distillation.  In  this  case,  a 
second  flask  was  used,  heated  by  a  second  lamp,  and  its  contents  care- 
fully redistilled. 

C. — In  Alkaline  Solution  with  Pip  Iron. 

VI.  In  apparatus  similar  to  the  foregoing,  0.4281  grm.  KNO,  wer& 
distilled  in  contact  with  60  grms.  very  soft  gray  pig  iron  and  40  c.c. 
KOH  solution  of  15  p.  c.  The  boiling  proceeded  quietly,  the  distilla- 
tion requiring  less  than  ^  hr.     Found  100  p.  c. 


10 
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VII.  All  the  analyses  in  this  experiment  were  made  with  the  9ame 
€0  prms.  of  pig  iron. 


Stood 

Time  In 

SolaUon  e.a 

IfHvs. 

«61d. 

dirt. 

Found. 

DUfercnco. 

a     60  aq. 

•  •  •  • 

•  • .  • 

Ihr. 

•   •   •   • 

•  •  •  • 

b    40EOH,  al6p. 

c         •  *  ■  ■ 

ihr. 

If  hr. 

•   •   •   • 

•  •  • . 

c  .  80  aq. 

0.4442  grm. 

Ihr. 

1  hr. 

0.48817  grm. 

•d  J  16  aq.  redist. 

•  •  •  • 

•  •  •  • 

•  • . . 

.  • . 

•  •  •  ft 

•  •    •   • 

0.00705 

'  Total 

0.44022 

0.00898 

«     65.  aq. 

0.49789 

8hr. 

If  hr. 

0.49462 

0.00827 

f     50  aq. 

U.49789 

•  •  •  ■ 

Uhr. 

0.4926 

t\00529 

ff    50  aq. 

0.49789 

•  •  •  • 

Hhr. 

0.4981 

0.00478 

li  j  50  aq. 
'  15aq.  redist 

0.49789 

•  •  •  • 

Uhr.) 
fhr.  f 

0.49618 

0.00176 

■  •  •  • 

•  •  *  * 

i  60  aq. 

0.49789 

•  •  •  ■ 

If  hr. ) 

a  •]  15  aq.  redist 

•  •  •  • 

•  •  • . 

fhr.}. 

0.4926 

0.00529 

(  16  aq.      " 

•   ft   •    • 

12hr8. 

fhr.) 

(  50  aq. 

0.49789 

*  • .  • 

If  hr. ) 

I  •{  16  aq.  redist. 

•  •  •  • 

•  •  •  • 

f  hr.  y 

0.49668 

0.00126 

(  16  aq.      " 

•  •  •  • 

•  •  •  • 

ihr.) 

No  alkali  was  introduced  save  the  6  grm.  KOH  in  (b),  and  after  be- 
ing employed  in  eight  analyses,  all  the  ammonia  being  evolved  in  each' 
<5a8e  which  could  be  got  over,  these  60  grms.  of  pig  iron  gave  a  result 
-corresponding  to  99.75  p.  c.  of  the  nitre  taken.  The  boiling  was  very 
<}uiet,  there  being  absolutely  no  frothing ;  and  in  expt.  VI,  where  the 
theoretical  result  was  obtained,  only  f  hr.  was  required  for  the 
distillation,  which  is  less  than  was  required  in  any  of  the  preceding 
Analyses. 

The  experiments  detailed  above  were  made  upon  the  supposition 
that  the  carbon  in  the  pig  iron  acted  as  the  positive  electrode  of  a  gal- 
iranic  couple,  and  was  essential  to  the  reduction.  To  test  this  experi- 
mentally, GO  grms.  of  fine  borings  of  the  softest  Sweedish  wrought 
iron  was  heated  with  0.5025  grm.  of  KNO,  +  50  c.c.  KOH  solution  of 
15  p.  c.  It  was  allowed  to  stand  16  hra.  and  then  distilled,  yielding 
-37.89  p.  c.  2.7  grms.  of  finely  divided  native  graphite  were  then  in- 
troduced, and  50  c.c.  water.  On  redistilling,  only  4.4  p.  c.  more  was 
obtained. 

This  result  was  confirmed  by  the  repetition  of  the  above  experiment 
in  another  form.  55  grms.  of  the  softest  and  finest  iron  wire  which 
<^ould  be  procured  were  cut  into  small  pieces,  cleaned  with  alkali  and 
acid,  and  distilled  with  0.4555  grm.  potassium  nitrate  and  40  c.c.  KOH 
of  15  p.  c.     But  32  5  p.  c.  was  obtained.  , 

D.  Ill  Aqueous  Solution  with  Examination  of  Evolved.  Oases, 

In  section  A  mention  is  made  of  using  zinc  cuttings,  or  zinc  foil  cut 
with  shears  into  as  fine  threads  as  possible.     But  finding  that  Prof. 
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ft 

Thorpe  states  in  one  place  {Jour,  Chem.  Soe.^  vol.  XI,  1S73),  the  zinc 
employed  was  0.084  mm.  in  thickness,  a  boring  machine  was  used  to 
-turn  off  the  zinc  in  the  thinnest  possible  borings. 

VIII.  Forty  grammes  of  sudtk  borings  and  precipitated  copper  were 
distilled  with  0.5113  grm.  KNO,  and  40  c.c.  H,0,  yielding  80.78  p.  c. 
Since  the  addition  of  40  c.c.  of  KOH  solution  of  15  p.  c.  and  redistilling 
gave  no  additional  ammonia,  it  appeared  probable  that  the  ammonia 
had  gone  off  in  some  other  form. 

IX.  In  the  preceding  experiment  the  distillation  had  been  made  at 
once.  The  same  amounts  of  material  being  used,  but  an  interval  of  one 
hour  being  left,  95.85  p.  o.  was  obtained.  Redistilling  with  potash  gave 
no  further  result. 

X.  To  determine  whether  the  whole  amount  would  be  obtained  in 
case  the  reduction  was  allowed  to  go  on  for  a  sufficient  length  of  time 
before  distilling,  the  same  amounts  were  used  as  in  VIII  and  IV,  an  in- 
terval of  three  hours  being  allowed.     But  93.84  p.  c.  was  obtained. 

XI.  A  flask  with  15  grms.  zinc  and  precipitated  copper,  and  with 
solution  containing  1 .5  grms.  KNOg,  was  connected  with  a  worm  and 
condenser  in  such  a  manner  that  the  water  should  be  returned  to  the 
flask,  and  the  gases  pass  into  an  absorption-spectrum  tube  1  meter  long, 
and  with  plates  of  glass  at  both  ends.  The  absorption  spectrum  of 
nitric  peroxide  was  seen  with  the  spectroscope  soon  after  heat  had  been 
applied.  With  this  arrangement  the  fumes  of  nitric  peroxide  were 
found  to  be  readily  visible  to  the  eye,  whenever  the  amounts  of  nitrates 
to  be  reduced  were  not  very  small  as  compared  with  the  amount  of  zinc 
employed  to  effect  the  reduction.  It  would  appear,  therefore,  that  a 
certain  amount  of  the  nitrogen  went  off  in  the  form  of  nitric  oxide ;  and 
that  the  amount  of  efror  from  this  cause  was  smaller  as  the  relative 
quantity  of  the  reducing  agents  was  greater. 

To  determine  whether  nitric  oxide  was  formed  by  zinc  or  copper 
alone,  these  two  metals  in  a  fine  state  of  division  were  boiled  with  po- 
tassium nitrate  solution,  and  the  escaping  gases,  after  condensation  of 
steam  passed  into  an  absorption  spectrum  tube  arranged  as  above.  No 
absorption  lines  were  seen,  but  when  to  the  zinc,  copper  was  added ;  or, 
when  to  the  copper,  zinc  was  added,  they  presently  appeared  in  the  most 
striking  manner. 

E.  Does  Copper  alone  effect  Reduction  of  Nitrates  to  tin  form  of  Ammonia  / 

It  is  very  noticeable  that  the  precipitate  of  copper,  first  thrown  down 
by  zinc  in  a  cupric  sulphate  solution,  is  red.  As  the  copper  is  removed 
from  solution,  the  precipitate  alters  in  character,  becoming  darker ;  and 
finally,  when  zincic  sulphate  has  replaced  the  copper  salt,  quite  black. 
It  was  shown  by  Gladstone  and  Tribe  {Jour,  Ckem,  Soc,,  vol.  XI,  p.  452), 
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that  the  formation  of  this  deposit  is  due  to  a  secondary  action,  and  that 
it  may  contain  as  much  as  7.4  parts  Zn  to  100  Cu.  Without  a  knowl- 
edge of  these  results  of  Messrs.  Gladstone  and  Tribe  it  might  have 
reasonably  been  assumed  that  the  black  deposit  was  finely  divided 
copper.  Alone,  without  the  presence  of  any  zinc,  except  that  whjch  the 
deposit  itself  contains,  it  exercises  a  powerful  reducing  action,  as  the  fol- 
lowing experiment  shows : 

XII.  Fourteen  grms.  of  the  deposit,  carefully  washed,  were  heated 
with  0.24895  gnn.  of  potassium  nitrate,  and  15  c.c.  water.  At  the 
beginning  of  the  distillation  red  fumes  were  observed,  and  an  amount 
of  ammonia  corresponding  to  9.71.  p.  c.  of  the  potassium  nitrate  ob- 
tained. 

XIII.  Different  portions  of  the  deposit  were  treated  with  cupric  sul- 
phate and  dilute  sulphuric  acid,  with  most  careful  washing,  the  operation 
being  repeated  until  no  traces  of  zinc  were  left  behind.  This  pure 
spongy  copper  was  of  a  bright  red  color.  All  traces  of  pre-existent 
ammonia  were  removed  from  the  apparatus  by  distilling  water  through 
it,  until  the  distillates  gave  no  further  indications  on  Nesslerizing.  In 
three  experiments,  the  copper  employed  varying  in  amount  from  6  to 
12  grammes,  and  with  different  degrees  of  concentration  of  the  potassium 
nitrate  solution,  the  amount  of  ammonia  formed,  if  any,  was  too  small 
to  be  indicated  by  the  Nessler  test.  Nor,  when  the  solution  was  ren- 
dered alkaline  by  potash,  was  any  ammonia  liberated. 

XIV.  A  very  different  result  was  obtained  when  pure  zinc  was  di- 
gested with  a  neutral  solution  of  potassium  nitrate.  5  grms.  zinc  in 
very  thin  borings,  and  2.446  mgrms.  potassium  nitrate,  were  distilled 
three  times  with  15  c.c.  water  in  successive  portions,  yielding  0.31 
mgrm.  ammonia.  Three  more  distillations  with  15  c.c.  water  yielded 
0.01  mgrm.  The  amount  of  potassium  nitrate  used  corresponded  to 
0.41  mgrm.  ammonia.  When  the  surface  of  zinc  is  very  large,  as  com- 
pared with  the  amount  of  nitrate,  the  percentage  of  nitrate  reduced  is 
considerable. 

It  gives  me  much  pleasure  to  acknowledge  the  co-operation  of  my 
assistant,  Dr.  Geo.  A.  Prochazka,  in  the  performance  of  these  somewhat 
laborious  experiments. 
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III. — Proceedings. 
Regular  Meeting^  February  Ith,  1878. 

The  meeting  was  called  to  order  at  8.30  p.  m.,  Vice-President 
Oasamajor  in  the  chair.  The  minutes  of  the  previous  meeting 
were  read  and  approved. 

The  Committee  on  Papers  and  Publications  reported,  that  the 
next  number  of  the  proceedings  is  in  the  hands  of  the  printers, 
and  will  soon  be  sent  out. 

Dr.  Goldmark,  on  the  part  of  the  Committee  on  Booms,  re- 
ported that  they  had  been  unable  to  make  satisfactory  arrange- 
ments with  the  owner  of  the  premises  in  14th  street,  and  that 
they  are  looking  for  some  other  suitable  quarters.  Dr.  Goldsmidt 
was  added  to  the  committee. 

The  following  were  elected : 

As  mernbers — Dr.  H.  Von  Gehren,  N.  Y. ;  Dr.  Schmitz,  Le- 
roy,  N.  T. ;  J.  Tschermac,  Paris ;  A.  L.  Thompson,  Berlin. 

The  following  were  proposed : 

A9  members — W.  H.  Baker,  Brooklyn  ;  C.  E.  Colby,  N.  Y. ; 
Prof.  H.  S.  Munroe,  N.  Y. 

Col.  Wm.  P.  Prentice  was  proposed  as  a  life  associate. 

Prof.  Leeds  read  a  paper  *  on  some  points  in  water  analysis,  in 
which  he  dwelt  on  the  use  of  distilled  water  for  that  purpose,  call- 
ing attention  to  the  fact,  that  it  is  unnecessary  to  have  the  water 
absolutely  free  from  ammonia,  in  so  far  as  the  quantity  of  the 
latter  can  be  easily  ascertained  by  "  Nesslerizing."  In  consequence 
of  the  suggestion  thrown  out  by  Dr.  Chandler  at  the  last  meeting, 
Prof.  Leeds  has  made  some  experiments  to  ascertain  the  action  of 
oxygen  on  sewage,  and  found  that  by  the  action  of  pure,  filtered 
air,  as  well  as  of  ozone,  on  fresh  urine,  part  of  the  ammonia  present 
in  the  same  was  converted  into  nitrates,  as  was  conclusively 
proved  by  an  elaborate  series  of  analyses.  Dr.  £ndemann  wished 
to  know,  if  any  bacteria  had  been  found  in  the  urine  thus  treated ; 
nitrification  or  oxidation,  according  to  his  theory  and  observations, 
being  due  perhaps  altogether  to  the  influence  of  the  bacteria  in 
the  presence  of  free  oxygen,  which  they  would  convey  to  the 
non-organized  organic  part  of  sewage ;  also  to  what  extent  oxy- 


*  This  paper  has  been  withheld  by  the  author  until  the  inrestigation  shall  have 
been  fully  completed. 
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gen  wonld  produce  oxidation  in  the  absence  of  bacteria.  Prof. 
Leeds  had  not  yet  investigated  these  points,  and  stated,  that  he 
had  considered  oxidation  in  both  ca^es  to  be  due  to  the  presence 
of  ozone,  which  in  one  case  was  obtained  by  electricity,  and  con- 
veyed into  the  fluid ;  but  in  the  other  case  had  been  formed  by 
the  evaporation  of  the  water  accompanying  the  experiment.  Mr. 
Casamajor  suggested  that  fine  zinc,  such  as  is  required  for  the 
Zn  Cu  couple,  might  be  obtained  by  pulverizing  zinc  at  400°,  or 
by  using  zinc  amalgam  instead  of  fine  turnings.  Prof.  Leeds  had^ 
however,  abstained  from  the  use  of  either  from  fear  of  a  possible 
oxidation. 

Mr.  Dunnington's  paper  on  arragonite  containing  load  was 
read  ;  also  Mr.  Elliott's  paper :  Tables  of  Values  of  Sulphuric  Acid, 
containing  a  number  of  data  very  convenient  for  practical  use» 
especially  for  the  manufacturer. 

Owing  to  the  lateness  of  the  hour,  the  Committee  on  Papers 
was  instructed  to  proceed  with  the  printing  of  Dr.  lies'  paper  on 
the  Oxidation  of  Xylenesulphonic  Acids,  and  postpone  its  reading 
until  the  next  meeting. 

Mr.  Casamajor  exhibited  a  new  blowpipe  bellows,  giving  a  uni- 
form steady  blast  lasting  from  twelve  to  thirty-five  minutes, 
according  to  the  size  of  the  blowpipe  employed. 

Adjourned. 

M.  ALSBERG, 

Recording  Secretary. 


IV. — Analysis  of  Arraoonite,  oontainino  Lead. 

BY  F.  P.  DUNNINGTOX. 

This  mineral  was  obtained  from  the  Austin  mine,  Wythe  county, 
Virginia.  It  consists  of  a  mass  of  radiating  crystals,  from  10  to  20 
mm.  in  length,  and  from  1  to  3  mm.  in  thickness;  the  outer  ends  of 
the  crystals  presenting  lateral  and  terminal  faces  giving  the  augles : 

I A  1=1 16°  15' (average.) 
l-iA  l-i  =  109° 

Hardness = 3.5 ;  sp.  gravity =3.078;  white,  transparent. 
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Giving  the  following  composition : 

CaO 6I.81d  CaCO,=92.610 

PbO : .  6.087  PbCO,=  7.289 

CO, 41.800 

Fe,0, 038 

SiO, .012 

H,0 070 


99.821 


If  we  replace  the  lead  present  by  an  equivalent  amov^t  of  calcium, 
considering  it  to  occupy  the  same  space,  we  would  have  the  sp^  grav- 
ity =2.987,  according  with  that  of  arragonite. 

This  mineral  may  be  of  some  interest,  as  the  only  analysis  of  tarn- 
ovicite  given  by  Prof.  Dana,  is  one  of  a  specimen  containing  but  3.85& 
of  lead  carbonate. 


V. — On  the  Oxidation  of  Xylenesulphonic  Acids. 
BY  MALVERN  W.  ILES,  PH.  D. 

The  results  obtained  in  the  oxidation  of  the  sulpho- acids  of  toluene 
and  mesitylene  made  it  appear  probable,  that  if  the  pure  sulpho- deriva- 
tives of  the  different  varieties  of  xylene,  could  be  obtained  in  sufficient 
quantities,  and  then  by  subjecting  them  to  oxidation,  conclusions  of 
value  could  be  drawn  in  reference  to  their  constitution.  The  first  di/^ 
ficulty  to  be  overcome,  was  the  preparation  of  derivatives,  of  which  it 
could  be  proven,  that  they  were  obtained  from  but  one  of  the  varieties  of 
xylene. 

The  connplicated  and  tedious  methods,  by  which  the  ortho-  meta- 
and  para-xylenes  may  be  prepared,  furnish  such  comparatively  small 
quantities,  that  there  was  little  hope,  that  the  object  could  be  accom- 
plished by  adopting  them. 

On  the  other  hand,  no  method  is  known,  by  which  it  is  possible  to 
separate  meta-  from  the  para- xylene  variety,  as  they  occur  in  coal  tar, 
notwithstanding  the  fact,  that  many  efforts  have  been  made  to  find  such 
methods.  The  prospect  of  effecting  a  separation  of  the  two  xylenes  by 
means  of  the  sulphamides  seemed  suffic'ently  promising  to  warrant 
the  experiment.  This  I  accordingly  did  upon  the  suggestion  of  Prof. 
Remsen. 

Jacobsen  (Annalen  der  Chemie,  184,  179),  in  his  investigation,  de- 
scribing the  separation  of  mesitylene  from  pseudocumene,  refers  to  two 
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sulphamides,  which  he  obtained,  apparently  in  a  pure  condition,  and 
proved  to  be  derived  from  iso-  or  meta- xylene. 

Of  course  it  remained,  to  be  seen  whether  the  necessarily  complex 
product,  formed  by  the  action  of  sulphuric  acid  upon  xylene  and  the  sub- 
sequent conversion  of  the  sulpho-  acids  into  the  sulphamides  could,  by 
partial  crystallization,  be  separated  into  its  constituents. 

The  xylenesulphonic  acids  were  prepared  by  taking  a  sample  of 
commercial  xylene  from  E.  Schering,  and  after  repeated  fractional  dis- 
tillations for  several  weeks,  the  product  boiling  between  the  points 
139°  and  143**  C.  was  very  gradually  treated  with  an  equal  volume  of 
•concentrated  sulphuric  acid  sp.  gr.  1.811. 

Care  should  be  exerted  to  frequently  agitate,  and  to  keep  the  te.m- 
perature  low,  as  otherwise  decomposition  products  will  ensue,  which 
color  the  mass  more  or  less  dark  and  give  rise  to  a  considerable  evo- 
lution of  sulphur  dioxide. 

After  all  the  oil  has  been  acted  upon,  the  mass  should  be  diluted 
with  water  and  neutralized  with  chalk.  Upon  filtering,  a  solution  of  the 
calcium  salt  of  the  sulpho-  acid  is  obtained.  The  sodium  salt  was  then 
made  by  the  addition  of  sodium  carbonate  until  the  precipitate  of  cal- 
<sium  carbonate  ceased  to  appear. 

The  reactions  may  be  expressed  as  follows : 

1.— C8H,o+H,S04=Q|H,.SO,OH+H,0 

2.— 2(C8H,.SO,OH)+CaCO,=(C8H,.SO,.0),Ca+H,0+CO, 

3.— (C8H,.SO,.0),Ca+Na,CO,=2(C,H,.SO„ONa)+CaCO, 

The  sodium  salt  was  then  evaporated  to  dryness  upon  a  water  bath, 
and  the  salt  thus  obtained  treated  by  degrees  with  an  equal  weight  of 
phosphorous  pentachloride ;  the  reaction  is  quite  violent,  and  it  becomes 
necessary,  in  order  to  insure  good  results,  to  lower  the  temperature, 
preferably  by  the  use  of  a  large  evaporating  dish  resting  in  another 
dish  of  similar  size,  containing  a  freezing  mixture  of  ice  and  salt. 

The  resulting  oil,  of  a  purplish  red  color,  was  decomposed  by  means 
of  concentrated  aqueous  ammonia.  A  very  violent  reaction  ensued  and 
large  quantities  of  ammonium  chloride  were  formed ;  the  temperature 
should  also  here  be  kept  as  low  as  possible. 

The  reactions  may  be  expressed  as  follows : 

4.— CsH,.SO,.ONa+PCU=CsH^O.Cl+NaCl+POCl, 
5.— CgH^OjCl + NH, = C,H,.SO,N  H,+ HCl. 

As  will  be  readily  seen,  if,  in  ordinary  xylol,  there  are  present  both 
the  para-  and  meta-  varieties,  four  different  isomeric  sulpho-  acids  may  be 


ON  THE  OXIDATION  OF  XYLENESULPHONIC  ACIDS. 


ir 


obtained  b J  the  introduction  of  one  sulpho- group  into  the  hydrocarbon. 
From  meta-xylene  three  monosulpho-  acids  may  be  derived,  as  follows : 


I. 


SO.OH 


CH, 


II. 


CH, 


or 


CH, 
SO.OIl/^ 


CH, 


SO.OH 


m. 

CH, 


and 


SO,OH 
CH, 


and  from  para-xylene  only  one  variety  is  possible.  Taking  into  consid- 
eration the  fact  noticed  in  connection  with  toluenesulphonic  acids,  that 
the  sulpho-  group  appears  to  have  a  tendency  to  take  a  position  as  far 
removed  from  the  methyl  as  possible,  there  would  be  expected  from 
meta*xylene,  mainly  the  formation  of  the  compound  represented  by  the 
formula  I,  above  given,  together  with  those  represented  by  formulas  11 
and  III,  in  smaller  quantities. 

Experiment  showed,  that  when  the  sulpho- acids  obtained  by  the  ac- 
tion of  sulphuric  acid  on  the  xylene  from  coal  tar,  are  converted  into 
milphamides,  three  well  characterized  compounds  are  obtained,  and  that 
these  may  be  separated  from  one  another  comparatively  easy. 

After  an  excess  of  ammonia  has  been  added  to  the  compound 
CgHg.SOiCl,  with  the  precautions  previously  indicated,  the  complex 
mixture  should  be  heated  upon  a  water  bath  for  several  hours,  thus  ex- 
pelling much  phosphorous  oxychloride  and  free  amxnonia.  Then  allow 
to  stand  at  least  12  hours,  when  there  will  be  found  a  brownish  red  su- 
pernatant liquid,  containing  the  salts.  This  should  be  decanted  off,  and 
may  be  thrown  away,  as  numerous  attempts  to  recover  any  amide 
proved  unsuccessful.  The  residual  mass,  consisting  of  two  distinct  por- 
tions, is  then  thoroughly  washed  with  cold  water,  to  remove  more  com- 
pletely the  inorganic  salts. 

The  washed  amides  will  be  found  to  be  divided  approximately  into 
two  portions ;  first  there  will  be  the  greater  portion  in  the  form  of  white 
flat  plates   (amide  No.    1)  resting  upon   a  light  yellow   solid   body 
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(amide  No.  2),  which  may  be  removed  mechaaically  and  treated  separate- 
ly, thereby  greatly  facilitating  the  process  of  purification. 

The  solid  mass  should  be  treated  with  just  sufficient  water  to  cover 
it,  when  on  heating  gently  it  will  separate  for  the  most  part  in  the  form 
of  an  oil,  while  amide  No.  1  will  go  into  solution. 

Of  the  three  varieties  of  sulphamides  actually  obtained  and  sepa> 
rated  from  one  another,  two  are  identical  with  those  incidentally  refer- 
red to  by  Jacobsen.  One  of  these  fuses  at  137^  C,  and  the  other  at 
100°.  The  former  crystallizes  in  long  flattened  plates,  and  the  latter  in 
the  form  of  very  long  needles. 

The  third  variety  does  not  crystallize,  but  always  separates  in  the 
form  of  verrucose  masses,  which  by  repeated  separations  may  be  ob- 
tained pure. 

On  heating  up  the  crude  mass  of  washed  amides  with  water,  an  oil 
always  separates  at  the  bottom  of  the  vessel,  while  the  solid  matter  dis- 
solves in  the  water.  On  pouring  off  the  aqueous  solution,  and  allowing 
to  cool,  that  which  crystallizes  out  consists  almost  entirely  of  the 
amide  which  fuses  at  137°  (amide  No.  1 ). 

The  oil  may  be  dissolved  in  boiling  water,  and  the  solution  yields 
mainly  the  amide  which  fuses  at  100°  C.  (amide  No.  2). 

By  crystallization  both  of  these  products  may  be  obtained  in  a  pure 
condition.  The  verrucose  masses  above  referred  to,  appear  in  the  evap- 
orated mother  liquors  from  the  first  varieties,  and  by  proper  manipu- 
lation, can  be  separated  from  either  of  the  other  two.  They  fuse  at 
143°,  144°.  In  the  performance  of  this  investigation,  I  have  been  en- 
gaged in  separating  the  amides  derived  from  more  than  two  pounds  of 
the  crude  sodium  xylenesulphonates. 

As  a  general  result  of  the  investigations,  it  may  be  stated,  that  the 
amide  of  fusing  point  137°  is  formed  in  by  far  the  largest  quantity  ;  that 
the  amide  of  fusing  point  100°  is  obtained  in  about  one-fourth  the  quantity 
of  the  first,  and  finally  the  verrucose  masses  are  formed  in  considerably 
smaller  quantity,  than  either  of  the  other  two  varieties.  Jacobsen  con- 
verted both  the  amides  under  consideration  into  the  xylene,  from  which 
they  were  obtained,  and  proved  that  they  were  both  derivatives  of  meta- 
xylene.  The  conversion  was  effected  by  heating  the  sulphamides  with 
concentrated  hydrochloric  acid  under  pressure,  and  the  nature  of  the 
resulting  hydrocarbon  was  determined  by  transformation  into  the 
trinitro  compound.  In  both  cases  the  same  trinitro  compound  was  pro- 
duced, and  this  had  the  fusing  point  and  other  properties  characteristic 
of  trinitro  meta-xylene. 

It  is  thought,  that  the  amide  of  fusing  point  137°  has  the  constitu- 
tion represented  by  formula  I.  (see  ante),  as  in  this,  the  sulpho-  group  is 
as  far  removed  from  the  two  methyl  groups  as  it  can  be.     As  will  be 
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seen,  the  sulpho  group  occupies  the  meta-  position  with  reference  to  both 
methyl  groups. 

No  investigation  had  as  yet  been  made  to  show,  what  the  influence 
of  oxidizing  agents  would  be  upon  compounds,  haying  the  sulpho-  group 
in  the  meta-  position  ;  but  one  thing  appeared  to  be  .highly  probable, 
that  if  by  oxidation  the  methyl  groups  were  converted  into  carboxyl,  a 
bibasic  acid  would  result,  if  the  oxidation  was  carried  to  its  limit,  in- 
as  much  as  the  sulpho- group  is  situated  symmetrically  with  reference  to 
the  two  methyl  groups,  that  thede  must  be  affected  alike  by  this  group. 
The  other  possibility  was,  that  the  whole  compound  might  be  broken 
up,  as  in  the  case  of  the  ortho-  compounds. 

When  this  amide  is  treated  with  the  usual  oxidizing  mixture  of 
potassium  dichromate,  sulphuric  acid  and  water,  and  heat  is  gently 
applied  until  the  liquid  manifests  a  slight  agitation  upon  the  surface, 
there  ensues  quite  a  violent  chemical  action,  accompanied  by  the  disen- 
gagement of  considerable  carbon  dioxide  and  an  odor  of  fatty  acids, 
which  is  quite  perceptible. 

By  this  mode  of  oxidation  the  amide  has  not,  up  to  the  present 
time,  yielded  the  slightest  indication  of  the  formation  of  an  acid.  The 
amide,  it  would  seem,  resists  the  action  entirely,  or,  in  case  it  is  acted 
upon,  in  such  a  manner  as  to  be  entirely  decomposed. 

Of  course,  from  this  experiment  there  can  be  drawn  no  conclusion 
in  regard  to  the  constitution  of  the  sulphamide,  but  it  is  believed,  that 
the  results  of  the  oxidation  of  the  next  amide  (fusing  point  100°)  justi- 
fy the  acceptance  of  the  formula  above  given  as  probable  for  the  first 
amide,  viz. : 


SO,NHt 


On  subjecting  the  amide  of  fusing  point  100°  to  the  actios  of  the 
chromic  acid  oxidizing  mixture,  a  vtjry  marked  difference  is  noticed 
between  this  case  and  the  one  just  described.  In  this,  the  action  does 
not  begin  until  the  boiling  temperature  is  reached,  and  it  then  continues 
very  slowly,  and  requires  several  hours  for  completion^ 

In  my  first  a(tt*mpts  to  completely  oxidize  this  amide,  the  oxida- 
tion was  continued  for  three  days,  before  all  the  melted  amide  had  dis- 
appeared from  the  surface  of  the  liquid,  and  upon  then  allowing  to  cool 
and  filtering,  a  white  crystalline  body  was  obtained  in  the  form  of 
thickened  needles,  which  by  repeated  crystallizations  may  be  obtained 
in  a  pure  condition. 
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Subsequent  experiments  have  conclusively  proven,  that  the  oxida- 
tion was  continued  entirely  too  long  to  obtain  the  best  yield  of  acid, 
and  that  there  is  a  deceptive  agent  towards  the  end  of  the  reaction, 
owing  to  the  presence  of  an  oil  which  does  not  solidify  upon  cooling, 
which  can  be,  therefore,  easily  distinguished  from  the  oil  which  amide 
No.  2  forms.  At  what  stage  this  body  is  formed  in  the  preparation  of 
the  sulphamides,  it  is  difficult  to  say. 

Owing  to  the  small  amount  obtained,  this  body  has  not  yet  received 
careful  examination,  further  than  the  fact,  that  it  is  readily  acted  upon 
by  concentrated  nitric  acid,  yielding  a  crystalline  body  of  a  high  melt- 
ing point  (over  300°  C.) 

The  crystalline  body  formed  in  the  oxidation  of  amide  No.  2,  or 
meta-xylene,  has  the  fusing  point  247°  to  248°  when  pure,  and  has  the 
properties  of  an  acid.  It  dissolves  readily  in  sodium  carbonate,  and  is 
precipitated  from  the  solution  by  the  addition  of  a  strong  mineral  acid, 
this  new  acid  coming  down  as  a  compact  powder.  It  is  comparatively 
easily  soluble  in  hot  water,  but  with  difficulty  in  cold  water.  Upon 
crystallization  of  the  precipitated  acid,  peculiar  thick  pointed  prismatic 
crystals  are  obtained,  which,  under  certain  circumstances,  attain  con- 
siderable size ;  furthermore,  this  acid  has  a  very  remarkable  tendency 
to  alter  the  form  of  crystallization  according  to  the  surrounding  circum- 
stances, no  less  than  seven  distinct  modifications  having  been  noted- 
The  melting  point  in  all  of  these  cases  remains  the  same. 

By  boiling  the  acid  with  barium  carbonate,  the  acid  was  converted 
into  the  barium  salt.  This  was  found  to  be  easily  soluble  in  water,  but 
from  the  concentrated  solution  it  finally  separated  in  a  rather  compact 
mass  consisting  of  very  delicate  silken  needles.  The  air-dried  crystals 
were  analyzed  with  the  following  results : 

I.  0.3865  grams  dried  salt  gave  0.158  BaSO4=0.09204  Ba. 

II.  0.157  grams  dried  salt  gave  0.06475  BaS04= 0.03807  Ba. 

III.  0.1815  grams  salt  lost  0.025  grams  HgO,  at  200°  C. 

IV.  0.1360  grams  salt  lost  0.01888  grams  H,0,  at  180°  C. 

These  results  correspond  to  24.04  p.  c.  and  24.25  p.  c.  Ba,  respeo- 
tively,  and  13.77  p.  c.  and  13.82  p.  c.  H,0.     The  formula 

(C,Hi.CH,.SO,NH,.COO),  Ba+ 511,0 

requires  24.25  p.  c.  Ba  and  13.74  p.  c.  H,0. 

The  following  salts  of  sulphaminemetatoluic  acid  were  examined  : 
.  The  sodiutn  sail  is  very  easily  soluble  in  water,  and  crystallizes  in 
delicate  needles. 

The  copper  salt,  prepared  by  precipitating  the  barium  from  a  solu- 
tion of  the  barium  salt  by  means  of  copper  sulphate,  can  be  obtained 
by  careful  evaporation  in  delicate  radiating  needles  of  a  blue  color.     If 
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evaporated  by  boiling,  the  salt  is  partly  decomposed,  and  a  light  blue, 
difficultly  soluble  powder  is  thrown  down. 

The  cobali  salt  crystallizes  in  small,  round,  very  compact,  radiating 
needles.     It  is  easily  soluble  in  water. 

The  calcium  salt^ 

(C,H,.CH,.SO,NHc.COO),Ca  +  H  H.O 

was  prepared  by  neutralizing  a  solution  of  the  acid  in  water  with  finely 
powdered  Iceland  spar.  It  is  easily  soluble  in  water,  and  crystallizes  in 
small,  concentrically  arranged  needles.  Its  analyses  yielded  results  as 
follows : 

I.  0.362  grams  salt  lost  0.01050  grams  H,0  at  200"^,  and  gave  0.101 

grams  OaSOf. 

II.  0.3145  grams  lost  0.0170  grams  H,0  at  195'',  and  gave  0.0875 

grams  CaSO^. 
These  figures  correspond  to  8.21  p.c.  and  8.18  p.  e.  Ca,  and  to  5.38 
p.  c.  and  5.40  p.  c.  H,0  respectively.     The  formula 

(C,H,.CH,.SO,NH,.COO),Ca  +  H  H,0 

requires  8.08  p.  c.  Ca,  and  5.45  p.  c.  HtO. 

The  silver  salt  was  prepared  by  adding  silver  nitrate  to  a  solution  of 
the  ammonium  salt.  It  is  precipitated  in  flocculent  masses,  which  may, 
however,  be  obtained  in  the  form  of  needles  by  recrystallization  from 
water. 

The  salt  was  analyzed : 

I.  0.083  grams  salt  gave  0.02775  grams  Ag. 

II.  0.10125  grams  salt  gave  0.03375  grams  Ag. 

These  figures  correspond  to  33.43  p.  c.  and  33.33  p.  c.  Ag,  respectively. 
The  formula  C,H,.CH,.SO,NH,.COO  Ag  requires  33.54  p.  c.  Ag. 

It  will  be  seen  from  the  above  analyses,  that  the  acid  is  monobasic, 
or,  in  other  words,  that  only  one  of  the  methyl  groups  has  been  con- 
verted into  carboxyl.  Now,  as  the  original  sulphamide  was  treated  for 
three  days  with  an  excess  of  the  oxidizing  mixture,  and  the  second 
methyl  group  remained  unaffected,  it  is  plain  that  the  sulphamine  group 
must  be  situated  in  the  molecule  in  such  a  way  as  to  influence  the  two 
methyl  groups  differently. 

This  result  could  hardly  be  reached  if  the  SO^NH,  group  were  sit- 
uated symmetrically  with  reference  to  the  two  methyl  groups ;  and  it 
seems  altogether  more  probable,  that  the  difference  noticed  in  the 
methyl  groups  is  due  to  the  fact,  that  the  sulphamine  group  is  situated 
differently  with  reference  to  them. 

This  conclusion  is  reached,  as  will  be  seen,  independently  of  any 
hypothesis.  There  can,  however,  by  means  of  Kekule's  hypothesis,  be 
given  a  probable  expression  to  the  fact. 
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Of  the  three  varieties  of  metaxjlene-sulphamide  possible  according 
to  the  hypothesis  (see  ante^  p.  17),  only  one  has  the  sulphamine  group 
situated  differently  with  reference  to  the  two  methyl  groups,  viz. : 

CH,  CH, 


SO,NH, 


v 


CH, 


or 


CH, 


SO.NH, 


the  two  formulas  being,  as  is  evident,  identical. 

The  facts  above  described  furnish,  as  is  believed,  the  proof  that  this 
formula  is  the  correct  one  for  the  amide  which  fuses  at  lOO'^.  It  will 
be  seen  that  in  this  substance  the  SO,NH,  group  has  the  para-  position 
with  reference  to  one  of  the  methyl  groups,  and  the  ortho-  position  with 
reference  to  the  other.  There  can  hardly  be  any  doubt,  but  that  the 
para-methyl  is  the  one  changed  by  the  oxidation,  so  that  a  very 
probable  formula  for  sulphaminemetatoluic  acid  may  be  given  as 
follows : 

CH, 


SO,NH, 


COOH 


It  seems  probable  that  if  the  group  COOH  can  be  introduced  in  the 
place  of  the  SO,NH,  group,  xylidinic  acid  would  result. 

As  regards  the  amide  which  fiises  at  137*',  the  sulphamine  group  in 
it  may  be  situated  in  the  ortho-  position,  or  in  the  meta-  position  with 
reference  to  both  of  the  methyl  groups.  As  has  been  stated  above,  the 
fact  that,  the  sulpho-  group  has  a  tendency  to  take  a  position  as  far  re- 
moved from  the  methyl  as  possible,  leads  to  the  belief,  that  that  formula 
for  the  amide  under  consideration  is  correct,  which  represents  the  sulph- 
amide  group  in  the  meta-  position  with  reference  to  both  the  methyl 
groups,  viz. : 

CH, 


SOJNfH, 


CH, 


In  previous  publications  a  statement  was  made  (see  notes  fVom  the 
Chem.  Lab.  Johns  Hopkins  University,  Nos.  1-3 ;    also  Berichte  der 
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deutschen  chemisclien  Gesellscfaafl,  X,  1042),  that  probably  the  verrucose 
masses  (amide  No.  8)  would  be  shown  to  be  derived  from  para-xylene, 
as  the  deriratives  of  this  hydrocarbon  in  general  differ  from  those  of 
meta-xyiene  in  not  crystallizing.  This  supposition  I  have  since  proven 
to  be  correct ;  the  mode  of  procedure  will  be  given  in  a  later  portion  of 
this  article. 

I  have  exercised  the  greatest  care  in  examining  the  products  with 
reference  to  the  possible  presence  of  more  than  three  amides,  but  with 
entirely  negative  results. 

In  a  recent  notice  concerning  this  investigation  (Berichte  der 
deutschen  chemischen  Gesellschafb,  X,  1200),  the  formation  of  an  acid 
differing  from  sulphaminemetatoluic  acid  was  mentioned  by  Prof. 
Remsen.  This  acid  I  obtained  by  oxidizing  a  mixture  of  the  amide  oi 
fusing  point  100°,  and  the  third  amide. 

Since  the  publication  of  the  notice  referred  to,  I  have  obtained  a 
considerable  quantity  of  this  second  acid  by  oxidizing  the  third  amide. 

7  5  grams  of  the  amide  were  treated  with  the  oxidizing  mixture, 
consisting  of  20  grams  potassium  bichromate,  and  the  usual  proportions 
of  sulphuric  acid  and  water.  The  flask  containing  the  mixture  was 
heated  gently  for  several  hours.  After  cooling,  a  crystalline  body  sep- 
arated, which  was  filtered  off  and  washed.  In  order  to  free  this  pro- 
duct from  any  unoxidized  amide  which  might  be  present,  it  was  crystal- 
lized from  water  once  or  twice,  and  then  dissolved  by  means  of  dilute 
sodium  carbonate.  The  solution,  thus  prepared,  could  be  evaporated 
to  a  small  volume  without  any  separation  of  the  acid,  while  any  amide 
present  would  crystallize  out.  On  then  filtering,  and  decomposing  the 
sodium  salt  with  hydrochloric  acid,  the  pure  acid  is  thrown  down.  This 
method  of  purification  was  found  very  convenient  and  valuable,  in  con- 
nection with  both  the  acid  now  under  consideration  and  the  sulphamine- 
metatoluic acid  previously  described.  After  crystallization  from  water, 
the  acid  separates  in  the  form  of  beautiful,  long,  silken  needles.  It 
fuses  at  267°,  when  pure.  It  is  difficultly  soluble  in  cold  water,  though 
comparatively  easily  soluble  in  hot  water.  It  is  readily  soluble  in  alco-* 
hoi,  both  hot  and  cold ;  and  nearly  insoluble  in  ether,  even  when  the 
liquid  is  heated.  Sometimes,  from  a  solution  containing  the  pure  acid, 
uncrystallized  nodules  separate  together  with  the  characteristic  silken 
needles.  These  were  found  to  be  the  acid  itself,  which  is  thus  deposited 
from  concentrated  aqueous  solutions.  On  diluting  these  same  solutions, 
redissolving  the  nodules,  and  again  allowing  to  crystallize,  the  whole  of 
the  acid  frequently  separated  in  the  needles  described.  From  alcoholic 
solutions  the  acid  crystallizes  in  fine,  concentrically  arranged  needles, 
which  are  not  as  long  as  those  obtained  from  water.  In  order  to  deter- 
mine whether  this  new  acid  is  derived  from  para-xylene  or  meta-xylene. 
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about  5  grams  were  treated  with  concentrated  hydrochloric  acid  in  a 
sealed  tube.  The  tube  was  heated  finally  to  220°,  at  which  temperature 
it  was  kept  for  four  hours.  Upon  cooling,  crystals  were  deposited  from 
the  liquid.  These  were  filtered  off  and  recry stall ized,  and,  after  drying, 
were  sublimed.  They  then  fuse  at  174°.  Although  paratoluic  acid, 
when  perfectly  pure,  melts  a'^  178°,  still  the  properties  of  this  subatanoe 
were  such  as  to  leave  little  doubt  that  it  w^as  really  paratoluic  acid. 
This  was  rendered  still  more  certain  by  another  experiment.  A  small 
quantity  of  the  supposed  paratoluic  acid  was  treated  with  potassium 
bichromate  and  sulphuric  acid.  It  was  thus  converted  into  an  acid 
which  is  insoluble  in  water,  and  did  not  fuse  at  S10°.  This,  in  all  prob- 
ability, is  terephthalic  acid.  The  analysis  of  a  number  of  its  salts, 
the  results  of  which  are  given  below,  show  conclusively,  that  its  compo- 
sition is  that  of  a  sulphaminetoluic  acid  ;  and  the  formation  of  parato- 
luic acid  from  it,  by  the  extraction  of  the  sulphamine  group,  shows,  that 
it  is  a  derivative  of  paratoluic  acid.  It  only  remains  to  be  decided, 
whether  the  sulphamine  group  is  situated  in  the  ortho-  position  with  ref- 
erence to  the  CHj,  or  with  reference  to  the  COOH  group. 

The  fact,  that  only  one  of  the  methyl  groups  is  oxidized,  indicates, 
that  one  is  protected  by  some  influence,  and,  as  we  have  seen,  that  a 
substituting  group  in  the  ortho-  position  will  exert  such  a  protective 
influence,  it  may  be  considered  as  established,  that  the  sulphamine 
group,  in  the  acid  we  are  considering,  is  in  the  ortho-  position  with  refer- 
ence to  the  methyl  group.  Hence  the  constitution  of  the  acid  is  ex- 
pressed by  this  formula : 

CH, 

SO,NH, 


COOH 

It  is  sulphamineparatoluic  acid,  C,IJ3.CH,.S0,NH,.C00H.  De- 
scriptions of  some  of  its  salts  follow : 

The  barium  salt  (C,H,.CH,.S0,NH,.C00),Ba+2H,0,  was  pre- 
pared by  boiling  the  acid  in  water  with  pure  barium  carbonate.  It 
crystallizes  in  concentrically  arranged,  compact  needles,  whidi  are 
easily  soluble.  The  crystals  attach  themselves  firmly  to  the  beaker  in 
hard  lumps.    The  salt  was  analyzed  with  the  following  results : 

I.  0.2302  grams  salt  lost  0.0132  grams  H«0  at  200°,  and  gave 
0.089  grams  BaSO^. 
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II.  0.359  grams  lost  0.0218  grams  H«0  at  200°,  and  gave  0.1385 
grams  BaSO^. 

These  results  correspond  to  22.73  p.  c.  and  22.06  p.  o.  Ba  respect- 
ively, and  to  5.73  p.  c.  and  6.07  p.  c.  H^O.    The  formula  (CjHj.CH,. 
S0,NH,.C00)jBa-f-2H,0  requires  22.79  p.  c.  Ba  and  5.99  p.  c.  H,0. 
'  The  calcium  salt, 

(r,H,.CH3.SO,NH,.COO)8Ca+4H,0 

was  prepared  by  treating  the  acid  with  finely  powdered  Iceland  spar. 
It  crystallizes  from  water  in  very  compact,  radiating  needles  of  a  beau- 
tiful pearly  luster.  It  is  easily  soluble  in  water.  The  analyses  re- 
sulted as  follows : 

I.  0.1950  grams  salt  lost  0.026  grams  H,0  at  lOS"*,  and  gave  0.050 
grams  CaS04. 

II.  0.223->5  grams  salt  lost  0.02975  grams  H,0  at  195**,  and  gave 
0.05725  grams  CaS04.  These  figures  correspond  to  7.54  p.  c.  and  7  54 
p.  c.  Ca ;  and  to  13.33  p.  c.  and  13.32  p.  c.  HjO  respectively.  The  for- 
mula (C,H,.CH,.SO,NH,.COO)8Ca+4II,0  requires  7.41  p.  c.  Ca  and 
13.33  p.  c.  HjO. 

The  manganese  salt, 

(C,H,.CII,  SO,NH,.COO),Mn  -h5H,0 

was  prepared  by  neutralizing  an  aqueous  solution  of  the  acid  with  pure 
manganese  carbonate.  It  crystallizes  in  small  needles,  which  are  easily 
soluble  in  water.    The  analysis  yielded  results  as  follows : 

I.  0.1785  grams  salt  lost  0.02325  grams  II|0  at  180^  and  gave 
0.02425  grams  Mn,04. 

II.  0.1620  grams  salt  lost  0.02525  grams  H,0  at  180"",  and  gave 
0.02175  grams  Mn,04.  These  figures  correspond  to  9.79  p.  c.  and  9.67 
p.  c.  Mn;  and  to  15.83  p.  c.  and  15.59  p.  c.  H,0  respectively.  The 
formula  (C,H,.CH,.S0,NlI,.C00),Mn+5H,0  requires  9.60  p.  c  Mn, 
and  15.70  p.  c.  H,0. 

The  sulphamineparatoluic  acid  will  be  studied  more  fully.  There 
are  particularly  two  transformations,  which  it  seems  probable  to  effect. 
These  are  the  formation  of  an  oxytoluic  acid  and  a  bibasic  acid  by  the 
conversion  of  the  sulphamine  groups  into  hydroxy  1  and  carboxyl  respect- 
ively.    The  bibHsic  acid  would  be  isomeric  with  xylidinic  acid. 

Since  the  publication  of  the  previous  communication,  some  new  facts 
have  been  established  which  require  notice.  The  acid  fuses  at  247°  to 
248°,  and  not  at  235°,  as  has  been  incorrectly  stated.  It  dissolves 
easily  in  alcohol,  and  crystallizes  from  the  solution  in  peculiar  curved 
prisms.     It  is  insoluble  in  ether,  like  the  isomeric  acid. 

Sulphaminemetatoluio  acid  was  treated  with  concentrated  hydro- 
chloric acid,  for  the  purpose  of  extracting  the  SO,N  H,  group.    It  was 
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heated  first  to  220°,  at  which  temperature  sulphumineparatoluic  acid 
is  transformed  into  paratoluic  acid,  but  was  decomposed  entirely,  free 
carbon  separating.  It  was  heated  up  to  150°,  bat  at  this  temperature 
also  complete  decomposition  ensued.  Special  experiments  were  then 
undertaken  to  determine  the  temperature,  at  which  the  decomposition 
takes  place.  If  the  substance  is  not  heated  above  130°,  the  acid  s^a- 
rates  upon  cooling  unchanged.  Above  140°  decomposition  takes  place. 
Experiments  with  dilute  hydrochloric  acid  gave  similar  results;  no 
metatoluic  acid  could  be  obtained.  This  difference  in  the  isomeric  acids 
is  instructive,  and  suggests  further  investigation  of  similar  cases. 

I  will  add  yet,  that  recently  I  have  discovered  three  further  new 
acids,  making,  in  all,  five  new  acids.  One  of  these  I  have  analyzed  and 
find  to  be  a  bibasic  acid,  and  derived  from  sulphamine-metaxylene : 

CH, 


SOJ^H, 


CH, 


This  substance  (amide  No.  I ),  by  oxidation  with  potassium  per- 
Dianganate,  yields  a  bibasio  acid,  which  may  be  represented  by  the 
formula : 

COOH 


SO,NH. 


COOH 


Further  descriptions  of  these  very  interesting  acids  will  be  given  in 
a  later  communication. 


VI. — ^Tablb  of  Values  of  Sulphuric  Acid. 

BY  A.  H.  ELLIOTT. 

The  accompanying  table  is  the  result  of  a  careful  selection  of  figures 
from  standard  authorities,  and  calculations  from  those  figures  have  been 
worked  out  into  forms  that  are  constantly  needed  in  a  chemical  manu* 
factory.  The  columns  with  headings  marked  "Degrees  Beaume,'* 
"Specific  Gravity,"  and  "  Per  Cent,  of  HjS04,"  are  afler  the  figures  of 
the  table  of  the  Manufacturing  Chemists'  Association.  A  comparison 
of  these  figures  with  those  of  Binson  and  Kolbe,  shows  them  to  be  the 


TABLE  OF  VALUES  OF  SULPHURIC  ACID.  27 

latest  and  most  reliable  result.  The  sixty-sixth  degree  of  Beaume*  is 
placed  at  1.835  specific  gravity,  not  because  this  is  the  highest  attainable 
strength,  but  because  this  is  the  specific  gravity  of  the  acid  sold  and 
branded  "  66°  Oil  of  Vitriol "  in  commerce.  Acid'  of  a  higher  specific 
gravity  is  difficult  to  prepare,  and  is  unnecessary  for  the  ordinary  uses 
to  which  oil  of  vitriol  is  put.  In  other  words,  "  Oil  of  Vitriol "  contains 
ninety-three  and  a  half  per  cent,  of  monohydrated  acid  (H,S04),  and  this 
is  now  a  settled  question  amongst  chemical  manufacturers. 

Starting  with  the  above  data,  I  have  calculated  the  weight  of  a  cubic 
foot  of  acid  at  the  various  densities,  and  worked  out  the  figures  in  the 
other  columns.  I  have  added  the  nearest  degree  of  Twaddel's  hydro- 
meter corresponding  to  the  various  specifio  gravities.  This  latter  hy- 
drometer is  a  much  more  reliable  instrument  to  place  in  the  hands  of  a 
workman  than  that  of  Beaume,  because  the  degrees  are  more  easily 
read,  and  a  difference  of  a  quarter  or  even  a  half  degree  does  not  make 
as  much  difference  as  the  same  error  on  Beaum6's  scale.  But  since  it  is 
a  trade  custom  to  use  the  latter  hydrometer,  a  definite  understanding  of 
its  value  is  very  important. 

The  boiling  points  given  are  after  the  figures  of  Dal  ton.  The  spe- 
cific gravity  of  sulphuric  acid  in  the  accompanying  table  is  that  obtained 
at  a  temperature  of  60°  Fahrenheit  (15.5  Celsius).  The  number  of  de- 
grees Fahrenheit,  causing  a  rise  or  fall  of  one  degree  Beaume,  is  given 
in  the  last  column.  Thus  a  rise  or  fall  of  forty  degrees  Fahrenheit  in  the 
temperature  of  acid  ranging  from  sixty  to  sixty-six  degrees  Beaum6  (at 
60°  Fahrenheit),  causes  a  fall  or  rise  of  one  degree  Beaume.  In  other 
words,  acid  of  63°  Beaum6  at  60°  Fahrenheit  will  stand  62°  at  100° 
Fahrenheit ;  or  it  will  stand  at  64°  at  a  temperature  of  20°  Fahrenheit, 
and  so  on  for  each  set  of  figures  given  in  the  last  column. 

The  term  O.V.  in  the  table  is  the  contraction  of  "  Oil  of  Vitriol,"  or 
acid  of  03.5  per  cent,  of  HjSO^.  The  term  60°  acid  means  acid  con- 
taining T7.6  per  cent.  H,S04. 


*  The  total  number  of  degrees  of  this  areometer  would  be  146.    (N— 146.04). 
[The  Committee  on  P.  <&  P.] 
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VII. — Contributions  to  Blow-pipe  CnisMiSTRr. 

FIRST    PAPER. — NEW    BLOWPIPE    BELLOWS. 

BY  p.  CASAMAJOR. 

This  apparatus  works  by  water  pressure.  It  is  formed  of  two  drums, 
A  and  B  (see  fig.  1),  connected  by  a  pipe  C,  open  at  both  ends,  which  I 
will  call  the  water-pipe.  Another  pipe  D,  which  I  will  call  the  outlet 
air-pipe,  is  connected  with  bgth  drums,  and  serves  to  carry  off  the  com- 
pressed air  from  the  lower  drum  to  the  nozzle  of  the  blow-pipe.  In  ad- 
dition to  these,  the  drum  A  is  provided  with  a  tube  E,  and  the  drum  B 
with  a  tube  F,  which  I  will  call  the  inlet  air-pipes.  The  function  of 
these  is  to  admit  air  into  the  upper  drum. 
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The  upper  and  lower  drams  are  firmly  fixed  on  two  upright  pieces 
of  wood  M  N  and  O  P,  which  are  provided  with  journals  G  and  H, 
which  turn  in  bearings  attached  to  a  frame.  One  of  the  journals  H  is 
hollow,  and  through  it  passes  a  tube,  soldered  to  pipe  D,  which  serves  to 
carry  the  air  of  the  lower  drum  to  the  blow- pipe. 

If  we  suppose,  that  the  upper  portion  of  the  pipe  D  and  that  the  pipe 
F  are  closed,  while  the  lower  part  of  the  pipe  D  and  the  pipe  E  are 
open,  and  if,  moreover,  we  suppose  that  the  upper  drum  A  is  full  of 
water,  while  the  lower  drum  B  is  full  of  air,  we  may  see  that  the  water 
in  A  will  run  down  the  water-pipe  C,  and  fall  in  the  lower  drum.  This 
produces  pressure  in  this  drum,  which  drives  the  air  in  it  to  the  blow- 
pipe, through  the  lower  part  of  the  pipe  D.  As  the  water  descends  to 
the  lower  drum,  air  is  admitted  to  the  upper  one  through  the  inlet  air- 
pipe  E,  so  that  finally  the  lower  drum  becomes  full  of  water  and  the 
upper  one  full  of  air.  We  may  then  turn  the  drums  on  their  journals 
6  II,  so  as  to  place  the  drum  B  above  the  drum  A.  If  now  we  close 
the  inlet  air-pipe  of  the  lower  drum  and  the  upper  portion  of  the  pipe 
D,  while  we  open  the  inlet  air-pipe  F  of  drum  B  and  the  lower  part  of 
the  outlet  air-pipe  D,  the  water  of  B,  as  it  descends  into  A,  will  drive 
out  the  air  of  this  drum  to  the  blow-pipe,  through  the  tube  D.  When 
this  action  is  over,  the  apparatus  may  again  be  reversed  with  the  same 
result  as  before,  and  so  on  indefinitely. 

It  may  be  noticed,  in  figure  1,  that  the  tubes  C  and  D  are  curved 
instead  of  being  straight.  The  object  of  these  curves  is  to  prevent  the 
expansions  and  contractions  of  these  tubes  from  injuring  the  drums,  as 
these  are  held  apart  by  the  pieces  of  wood  M  N  and  O  P,  whose  longi- 
tudinal expansions  and  contractions  are  insignificant  when  compared  to 
those  of  the  tubes,  which  are  of  metal.  It  may  also  be  noticed  that  the 
water-pipe  C  terminates  at  each  end  by  a  curved  portion,  the  object  of 
which  is  to  keep  the  lower  part  of  this  pipe  full  of  water,  when  the 
water  runs  down  to  prevent  the  air  of  the  lower  drum  from  ascending 
through  this  pipe  into  the  upper  drum. 

I  have  mentioned  that  it  is  essential  for  the  proper  working  of  this 
apparatus,  that  the  upper  inlet  air-pipe  and  the  lower  portion  of  the  out- 
let air  pipe  D  should  be  left  open,  while  the  lower  inlet  air-pipe  and  the 
upper  part  of  the  outlet  air-pipe  D  should  be  tightly  closed.  It  would 
be  possible  to  accomplish  these  alternate  openings  and  closings  of  air- 
pipes  by  providing  each  inlet  air-pipe  with  a  cock,  and  the  outlet  air- 
pipe  D  with  two  cocks,  each  placed  between  one  of  the  drums  and  the 
middle  of  the  pipe  D.  By  alternately  opening  and  closing  these  cockd 
with  the  hand,  the  desired  object  would  be  accomplished,  but  it  has  been 
found  more  convenient  to  use  valves,  which  open  and  close  automatical- 
ly.    As  these  valves  must  close  very  tightly,  and  with  considerable 
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pressure,  I  use  the  arrangement  shown  in  figure  2,  which  works  with  en- 
tire satisfaction. 

In  figure  l,  it  may  be  noticed  that  the  pipes  C,  D,  E,  F  are  enlarged 
at  the  portions  at  which  they  are  inserted  in  the  drums.  These  en- 
largements correspond  to  screw  couplings,  which,  in  the  case  of  the 
water-pipe  C  and  the  outlet  air  pipe  D,  consist  of  two  tubes,  R  and  S, 
of  which  R  is  provided  with  a  screw.  A  nut  T  works  in  the  screw  of 
the  tube  R,  and  this  nut  is  provided  with  a  shoulder,  which  presses 
down  on  the  rim  of  the  tube  S,  so  that  by  turning  this  nut,  the  tubes  R 
and  S  are  brought  tightly  together.  Between  these  two  tubes,  in  the 
case  of  the  water-pipe  C,  there  is  a  washer  of  rubber  or  leather  to  keep 
the  joint  from  leaking.  In  the  case  of  the  outlet  air-pipe  D  the  arrange- 
ment adopted  is  shown  in  figure  2.  Between  the  tubes  R  and  S,  there 
there  is  a  cork  washer  V,*  cut,  as  shown  in  the  figure,  so  that  part  of  it 
enters  in  the  tube  S,  while  another  portion  is  pressed  between  the  tube 
R  and  the  rim  of  tube  S.  To  the  face  of  this  cork  washer,  which  is 
turned  towards  R,  is  stitched  a  soft  rubber  washer  W,  about  -^  of  an 
inch  thick,  its  diameter  being  the  same  as  that  of  the  wide  part  of  V( 
This  rubber  washer  has  a  hole  in  its  center  about  y^  of  an  inch  diam- 
eter, while  the  cork  washer  has  a  hole  off  of  an  inch  diameter. 

At  the  end  of  the  tube  R  furthest  from  the  screw,  a  wire  is  placed 
on  the  diamieter  of  the  tube  and  riveted  in  its  place.  This  wire  is  to 
prevent  the  weight  U  from  falling  further  down,  when  placed  as  shown 
in  the  figure  2.  This  weight  is  cylindrical,  with  a  hemispherical  head 
at  the  end,  which  is  turned  towards  the  washer  W.  The  diameter  of 
the  weight  is  slightly  smaller  than  that  of  the  interior  of  the  tube  R, 
that  it  may  move  in  this  tube  with  ease.  The  rounded  end  of  this 
weight  is  polished,  but  the  cylindrical  portion  may  remain  quite  rough. 
The  cylindrical  portion  has  two  deep  grooves,  to  let  the  air  pass  freely 
from  below  the  weight  to  the  space  above  it.  The  function  of  this  cy- 
lindrical weight  is  to  close  the  opening  lefl  in  the  thin  rubber  washer  W. 
This  is  easily  understood  by  reversing  figure  2,  so  that  the  tube  R 
shall  be  above  the  tube  S,  in  which  case  the  weight  U  slips  down  and 
closes  the  opening  in  the  thin  rubber  washer.  The  cylindrical  weight  U 
is  made  of  an  alloy  of  lead  and  antimony,  which  gives  sufficient  density, 
combined  with  hardness.  The  length  of  each  cylindrical  weight  is  If 
inches,  the  diameter  being  ^  inch.     Each  one  weighs  3  ounces. 

An  indispensable  condition  for  the  proper  working  of  this  valve  is 
that  the  opening  in  the  rubber  washer  W  shall  be  in  the  axis  of  the  tube 


*  As  cork  and  mbber  are  not  sufficiently  durable,  the  washer  V  shonld  be  of 
hard  wood,  and  the  washer  W  of  leather.  Another  leather  wasber  shonld  be  in- 
serted between  Y  and  S. 
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R,  as  otherwise  the  weight  IT  will  not  close  this  opening  perfectly.  It 
is  to  insure  this  condition,  that  a  portion  of  the  cork  washer  V  has  been 
given  a  smaller  diameter ;  that  it  may  be  inserted  in  the  tube  S,  and  be 
kept  from  moving  sideways.  By  attaching  the  thin  rubber  washer  to 
this  cork  washer  by  a  few  stitches  of  thread,  the  rubber  washer  is  kept 
immovable  in  its  proper  place. 

The  arrangement  shown  in  figure  2  is,  as  I  have  said,  the  one  adopted 
at  each  end  of  the  outlet  air-pipe  D,  the  tube  B  being  soldered  on  the 
drum.  In  the  case  of  the  inlet  air-pipes,  E  and  F,  the  tube  S  has  been 
suppressed,  and  the  cork  washer  is  of  sufficient  diameter  to  fit  in  the 
nut  T.     The  rubber  washer  is  stitched  on  its  under  side,  as  before. 

Constant  Pressure. — By  referring  to  figure  I,  we  may  notice  that  the 
inlet  air-pipes,  E  and  F,  are  prolonged  to  nearly  the  bottom  of  their  re- 
spective drums.  The  object  of  lengthening  these  pipes  is  to  insure  con- 
stant pressure  to  the  blast. 

In  the  positions  of  things  shown  in  figure  l,the  pipe  F  is  closed,  but 
the  pipe  £  is  open,  and  it  may  be  seen  that  the  drum  A  is  equivalent  to 
a  Mariotte^s  flask,  and  the  water  pressure  is  represented  by  the  distance 
from  the  lowest  part  of  E  to  the  outlet  of  the  water-pipe.  In  the  ap- 
paratus which  I  now  exhibit  before  the  society,  this  height  is  equal  to 
15  inches,  equivalent  to  nearly  10  ounces  pressure  per  square  inch. 
Each  drum  in  this  apparatus  has  a  diameter  of  10  inches,  and  a  height 
of  8  inches. 

The  duration  of  the  blast  depends  on  the  bore  of  the  nozzle.  For 
the  small  bore  used  in  qualitative  blow-pipe  tests,  the  drums  have  to  be 
reversed  every  35  minutes.  For  the  bore  used  in  Plattner's  quantita- 
tive assays,  the  duration  is  20  minutes.  For  a  large  flame,  fit  for  glass 
blowing,  using  a  bore  equal  to  No.  22  wire  gauge,  the  duration  is  12 
minutes. 

Spring  catch, — A  necessary  feature  of  this  apparatus  is  a  spring- 
catch,  to  hold  the  drums  in  position  while  working.  Without  it,  the 
upper  drum  when  full  of  water,  would  not  remain  above  the  lower. 
This  catch  is  freed  by  pressing  on  a  button  when  the  drums  are  to  be 
reveraed.  The  operation  of  reversing  takes  about  a  second.  As  a 
spring  catch  is  very  easy  to  make,  no  detail  is  given  of  it  in  the  figure. 

Water-trap, — When  there  is  too  much  water  in  the  drums,  and  under 
other  conditions,  which  I  have  not  been  able  to  determine,  a  little  water 
sputters  up  with  the  air,  and  finds  its  way  to  the  blow-pipe.  To  prevent 
this,  a  trap  is  conveniently  made,  as  in  figure  3,  with  a  glass  tube  tightly 
closed  at  each  end  by  a  rubber  cork.  A  tube  enters  through  the  mid- 
dle of  each  cork,  one  for  the  ingress  of  air  from  the  lower  drum,  and  the 
other  for  its  egress  to  the  blow-pipe.  One  of  the  corks  is  provided  wiih 
another  hole,  near  its  circumference,  which  may  be  conveniently  closed 
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-with  A  plug  of  any  hard  8ubatanc«,  and  water  may  be  let  out  from  time 
to  time,  by  removing  this  plug.  In  the  bellows  I  use,  the  glass  tube 
shown  in  Rgure  3  is  placed  iu  the  hollow  journal  H. 


Fig:l. 


Fig -A 
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VIII. — ^PROCEEDINaS. 

JRegula/r  Meeting^  March  Ith^  1878. 

The  meetiDg  was  called  to  order  at  8.15  p.  m.,  Dr.  Chandler  in 
the  chair.  The  minutes  of  the  previous  meeting  were  read  and 
approved. 

The  Board  of  Directors  reported  as  follows  :  At  a  meeting  of 
the  Board  of  Directors,  held  March  7th,  1878,  it  was  resolved  to 
approve  the  action  of  the  Committee  on  Eooms,  with  reference  to 
its  rental  of  the  room  in  14th  street,  at  an  annual  rental  of  $700, 
up  to  May  1st,  1878,  and  $800  from  May  1st,  1878,  to  May  1st,  1879. 
The  Treasurer  was  authorized  to  pay  said  rent  monthly  in  advance  ; 
also,  to  receive  from  authors  voluntary  contributions  in  payment 
for  cuts  furnished  for  vol.  I,  part  2d  of  the  proceedings.  The 
Committee  on  Papers  and  Publications  was  authorized  to  accept 
and  print  papers,  from  non-members,  also  to  have  two  additional 
numbers  of  the  proceedings  printed.  The  matter  of  purchasing' 
the  library  of  the  late  Dr.  I.  Walz  was  referred  to  the  Librarian. 

The  following  were  elected : 

As  memhere — W.  H.  Baker,  C.  E.  Colby,  H.  S.  Munrue ;. 
as  associate^  W.  P.  Prentice. 

The  following  were  proposed : 

As  members — F.  M.  Rogers,  W.  Chandler  Roberts,  J.  P.  Car- 
son ;  as  associate,  George  Harding. 

The  papers  announced  for  the  evening  were  read:  On  the 
Oxidation  of  Xylenesulphonic  Acids,  by  Malvern  W.  lies,  and 
Contributions  to  the  Chemistry  of  the  American  Grape  Vine,  by 
C.  A.  Goessmann. 

Prof.  Chandler  showed  specimens  of  the  Photo-electrotype 
Process,  in  which  negatives  are  taken  from  pen  and  ink  sketches 
and  exposed  on  bichromate-gelatine,  which,  after  exposure  and 
washing,  is  transferred  to  metal  by  taking  first  a  wax  mold  and 
then  preparing  an  electrotype- 
Mr.  Parker  inquired  whether  any  member  had  any  experience 
in  the  application  of  ammoniacal  copper  solution  to  the  determin- 
ation of  free  acids  in  acid  salts,  especially  those  of  iron  and 
alumina. 

Adjourned. 

M.  ALSBERG, 

Recording  Secretary. 
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IX. — Contribution  to  the  Chemistry  of  thb  American  Grape 

Vine. 

BY  PROFESSOR  C.  A.  GOESSMANN. 

The  question,  whether  a  systematic  and  rational  manuring  of  our 
fruit-bearing  plants  is  essential  for  the  continued  production  of  good 
crops  engages  of  late,  deservedly,  our  increased  attention.     It  seem» 
but  reasonable  to  assume,  that  the  same  practice  which  has  been  recog^ 
nized  as  indispensable  for  success  in  general  agriculture  ought  to  apply 
with  equal  force  to  the  operations  in  fruit  culture,  and  horticulture  in 
general.     Modem  rational  agriculture  bases  its  claim  of  superior  prog- 
ress, as  compared  with  preceding  periods,  on  the  recognition  and  appli- 
cation of  the  principle,  that  it  is  essential  for  the  continued  success  of 
its  industry  to  return  to  the  soil  those  substances  which  the  crops  ab-^ 
stract.     It  has  been  one  of  the  principal  occupations  of  numerous  scien- 
tifio  investigators  of  agricultural  problems,  during  the  past  thirty  years, 
to  prove  the  existence  of  these  relations,  and  to  study  how  to  comply 
best  with  their  requirements  in  an  economical  manner.     Most  of  our 
common  farm  crops  have  received,  from  the  beginning,  an  undivided 
and  careful  attention  :  their  composition  has  been  ascertained,  and  their 
action  on  the  soil  thereby  established.     In  many  instances,  their  pecul- 
iar mode  of  growth  has  been  studied,  to  learn  in  what  form  the  various 
manures  are  best  applied  in  cases  of  different  kinds  of  soil.     Nobody 
familiar  with  the  results  of  the  investigations  of  late  years,  can  fail  to 
notice  their  extraordinary  influence  on   the   progress  of  agricultural 
practice.    The  same  statement  cannot  be  made  with  reference  to  fruit 
culture  and  horticulture.     Experiment-stations  for  the  benefit  of  these 
branches  of  agriculture  are  but  few,  and  these,  in  the  majority  of  in- 
stances, of  a  very  recent  date.    Superior  skill  and  intelligence  have  been 
largely  engaged  in  the  promotion  of  their  interests  from  an  exclusively 
botanical  stand-point ;  while  the  peculiar  intricacy  of  the  subject,  the 
growing  of  plants  with  a  view  of  producing  crops  with  reference  to  a 
certain  quality  rather  than  to  mere  quantity,  may  account,  to  some  ex- 
tent at  least,  for  the  comparatively  limited  practical  interest,  which, 
until  of  late,  most  horticulturists  have  manifested  in  trying  chemistry 
as  an  assistant  in  their  industry. 

There  is  no  scarcity  of  valuable  observations  regarding  an  excep- 
tionally good  success  in  producing  fruits  by  the  aid  of  various  kinds  of 
fertilizers;  yet  it  is  no  less  well  recognized  that  but  little  satisfactory 
explanation  can  be  given  as  to  the  particular  relations  which  exist  be- 
tween the  composition  or  the  quality  of  the  fruit,  and  certain  constitu- 
ents and  the  condition  of  the  fertilizer  used.  The  chemical  composition 
of  the  majority  of  fruits  is  but   imperfectly   known.     The  question, 
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whether  the  ash  oonstituents  of  the  fruit  bear  more  than  a  mere  inci- 
dental relation  to  the  quality,  is  still  largely  a  matter  of  conjecture, 
which  derives  its  main  support  from  the  fact  that  the  ash  constituents 
of  a  few  of  our  cultivated  varieties,  for  instance,  in  the  case  of  the 
strawberry,  have  been  found  widely  differing,  in  regard  to  quantity  and 
to  quality,  from  those  found  in  the  wild  forms  from  which  they  have 
-originated.  No  important  inferences  have  thus  far  been  drawn  from 
these  observations. 

Numerous  careful  inquiries  into  the  composition  of  many  of  our 
farm  crops  have  shown  that  the  total  amount  of  the  mineral  or  ash  con- 
stituents of  one  and  the  same  variety  of  plant  may  vary  widely  in  dif- 
ferent specimens,  when  raised  upon  different  soils,  or  under  otherwise 
varying  conditions  of  cultivation. 

Experimental  observation  has  thus  far  failed  to  prove  the  existence 
x)f  any  definite  numerical  relation  between  the  total  quantity  of  the 
essential  mineral  or  ash  constituents,  and  of  the  entire  dry  organic  mat- 
ter of  plants.  We  have  learned  that  certain,  and,  comparatively  speak- 
ing, but  a  few  mineral  elements  are  essential  for  the  complete  develop- 
ment of  plants  ;  yet  we  have  only  very  vague  notions  regarding  their 
peculiar  mode  of  action  in  the  process  of  vegetable  growth.  While  we 
are  ignorant,  thus,  of  the  peculiar  mode  in  which  these  mineral  constit- 
uents assist  in  the  formation  of  organic  matter,  we  have  noticed,  in  the 
•  case  of  some  of  our  most  important  industrial  farm  crops,  that  a  more 
«orless  liberal  supply  of  certain  essential  articles  of  plant  food,  as  po- 
tassa,  nitrogen,  dec,  quite  frequently  exerts  a  remarkable  influence  on 
the  general  character  of  the  quality  of  the  crops  resulting,  as  far  as  the 
relative  proportion  of  some  of  their  proximate  organic  constituents, 
as  albuminoids,  starch,  or  sugar,  is  concerned.  Even  the  peculiar  form 
in  which  potassa,  &c.,  have  been  applied,  is  known  to  exert,  in  many 
instances,  a  decided  influence  on  the  larger  or  smaller  production  of  one 
or  the  other  organic  constituents  of  plants.  The  recent  history  con- 
cerning the  safest  modes  of  raising  industrial  crops  of  a  superior  quality 
for  the  purpose  they  shall  serve,  deserves,  in  my  opinion,  the  serious 
attention  of  fruit  culturists  in  particular. 

Judging  from  our  past  experience  in  general  farm  management,  it 
seems  proper  to  assume  that  much  benefit  may  be  secured  to  fruit  cul- 
ture and  horticulture  by  studying  the  relations  which  exist  between  the 
composition  of  the  soil  and  the  ash  constituents  of  the  fruits  grown  upon 
it.  A  rational  system  of  manuring  the  fruit-bearing  plants  requires  that 
kind  of  information  for  its  foundation.  It  is  quite  certain  that  the  prac- 
tice of  restoring  to  the  soil,  in  suitable  form  and  in  due  time,  those  con- 
stituents which  the  fruits  abstract,  cannot  but  contribute  towards  large 
crops  by  stimulating  a  vigorous  condition  of  the  entire  plant.     A  strong, 
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healthj  plant  is  quite  naturally  better  qualified  to  overcome  interior 
local  disorders,  and  to  resist  more  successfully  external  injurious  influ- 
ences, than  feeble  specimens.  Considering  the  previously  expressed 
views  worthy  of  serious  attention,  I  have,  of  late,  instituted  a  series  of 
field  experiments  with  grape  vines,  for  the  purpose  of  testing  the  action 
of  certain  special  fertilizers  on  their  productiveness,  as  far  as  quantity 
and  quality  of  the  grapes  are  concerned,  and  to  ascertain  whether  a 
favorable  change  in  their  quality  is  accompanied  with  a  definite  altera- 
tion in  the  relative  proportion  of  their  mineral  or  ash  constituents.  I 
selected,  for  reasons  already  stated  in  previous  communications,*  the 
fruits  of  a  cultivated  and  of  a  wild  native  variety  of  grape  vine,  namely, 
the 

CONCORD  GBAPS  AND  THE  WILD  PURPLE  ORAPE  ( VUU  LlbrUSCa,  L.) 

A  due  appreciation  of  the  expected  results,  rendered  it  quite  advis- 
able to  study  previously  some  of  the  more  prominent  features  in  the 
growth  of  these  grapes,  without  any  application  of  manure.  As  but 
little  has  been  published  regarding  the  chemical  composition  of  our 
native  grapes,  I  propose  to  describe  subsequently  some  observations 
made  in  that  connection,  which,  in  my  opinion,  are  of  a  more  general 
interest  from  a  scientific  as  well  as  a  practical  stand-point.  My  partic- 
ular thanks  are  due  to  Professor  S.  T.  Maynard,  and  to  Messrs.  £.  B. 
firagg  and  W.  P.  Brooks  (graduates  of  the  College,  of  the  class  of  1875), 
for  very  efficient  assistance  rendered  in  the  progress  of  the  investiga- 
tions. Professor  Maynard  has  taken  a  very  active  interest  in  the  field 
work ;  and  Messrs.  Brooks  and  Bragg  have  very  satisfactorily  carried 
out,  under  my  direction,  most  of  the  analytical  work. 

ON   THE   GROWTH  AND   COMPOSITION   OF   GRAPES. 

The  examination  was  confined,  in  the  majority  of  cases  to  the  berries 
and  the  juice  of  the  grapes.  The  former  were  tested  for  the  amount 
of  water  they  lost  at  100°  C,  and  the  total  dry  matter  they  left  behind 
at  that  temperature.  The  juice  of  the  grapes,  obtained  after  crushing 
by  means  of  a  hand  press,  was  examined  for  its  specific  gravity,  its  per- 
centage of  grape  sugar,  and  its  free  acid.  The  sugar  was  determined 
by  Fehling's  mode,  after  the  juice  had  been  treated  with  an  equal  vol- 
ume of  a  solution  of  basic  acetate  of  lead,  of  the  same  concentration  as 
that  usually  applied  for  the  defecation  of  the  juice  of  sugar-beet  roots. 
The  amount  of  free  acid  was  determined  with  a  solution  of  pure  car- 
bonate of  soda,  containing  one  gramme  of  calcined  soda  in  one  hundred 
cubic  centimeters  of  the  solution,  and  the  test  finished  by  Anally  raising 

*  See  Thirteenth  AnDual  Report  of  the  Massachusetts  Agricnltoral  College,  p. 
60,  and  also  the  Massachnsetts  Ploughman  of  June  24, 1877. 
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the  temperature  to  near  the  boiling  point.  The  examination  of  both 
berries  and  juice  was  repeated  in  various  important  stages  of  the  de- 
velopment of  the  grapes.  Ash  analyses  have  also  been  carried  out  as 
far  as  time  has  thus  far  permitted ;  yet,  as  only  a  small  number  of  the 
analyses  of  the  ashes  of  the  berries  has  been  finished,  a  more  detailed 
discussion  of  the  results  obtained  will  have  to  be  deferred  to  some  future 
suitable  occasion.  The  relative  amount  of  acid  has  been  reported  for 
the  present,  only  to  secure  more  exact  quantitative  statements  after  the 
nature  of  the  acid  has  been  more  thoroughly  studied. 

Concord  Grape,     (Not  fertilized.) 


Date. 


1876. 

July  17.. 
20.. 

2.. 
16.. 
30.. 
13.. 

4.. 


Aug. 


Sept. 


Specific 
Gravity. 


1.0175 
1.0150 
1 . 0200 
1.0250 
1.0500 
1.0670 
1.0700 


31° 
31° 
25° 
28° 
25° 
23° 
18° 


m 

1^^ 


91.70 
91.90 
90.06 
89.12 
^4.42 
82.52 
80.18 


Percentage  of 
dry   matter 
at  100«»-110«» 
Centigrade. 

Percentage  of 
grape  sugar 
Intbejolce. 

Percentage  of 
sugar  in  solid 
dry  matter. 

8.30 

0.645 

7.77 

8.10 

0.625 

7.72 

9.94 

0.938 

9.44 

10.88 

2.000 

18.38 

15.58 

8.62 

55.33 

17.48 

13.89 

79.46 

19.82 

16.13 

81.38 

216 
249 
229 
120 

55 

49.2 


Purple  Wild  Grape,     (Near  Adams's  Pond.) 


July 
Aug. 


(t 


(( 


19.. 

4.. 

16.. 

30.. 


1.020 

31° 

91.00 

9.00 

0.714 

7.93 

1.020 

28° 

87.75 

12.25 

1.10 

8.98 

1.025 

28° 

87  52 

12.48 

2.00 

16.03 

1.050 

26° 

83.42 

16.58 

6.50 

39.8] 

204 
249 
233 
147.6 


White  Variety  of  Wild  Grape.     (Near  the  purple  grape.) 


Aug.    31 . . 


1.050 


26^ 


83.52 


16.48 


9.26 


56.18 


98 


The  juice  of  the  Concord  grape  collected  on  the  17th  of  June,  as 
above  stated,  was  watery  and  of  a  yellowish-green  color :  it  turned 
purple  by  heating  with  a  slight  excess  of  either  ammonia  or  potassa, 
showing  that  the  coloring  matter,  which  is  characteristic  of  the  ripe 
grape,  is  already,  in  some  concealed  form,  present  at  a  very  early  stage 
of  its  growth.  The  wild  purple  grape,  in  a  similar  condition  of  growth, 
showed  the  same  property,  with  the  exception  that  its  juice  was  of  a 


CHEMISTRY  OF  THE   AMERICAN  GRAPE  VINE,  39 

▼Isold  character,  and  its  color  of  a  deeper  tint  when  rendered  alkaline. 
The  color  peculiar  to  these  grapes  makes  its  first  appearance  in  the 
stems  of  the  berries,  and  passes  then  rapidly  on  to  the  outer  tissues  of 
the  skin.  During  the  season  of  1876,  this  change  became  first  notice- 
able about  the  middle  of  August ;  and  on  the  30th  of  the  month  the 
<K)lor  had  already  increased  to  such  an  extent,  that  a  solution  of  basic 
acetate  of  lead  produced  a  light  purple-blue  precipitate,  similar  in  color 
to  a  freshly  precipitated  hydrate  of  chromium  oxide.  It  will  be  noticed 
from  the  above  tabular  statement^  that  with  the  middle  of  August  be- 
^an  a  remarkable  change  in  the  growth  of  the  grape.  The  free  acid 
became  most  prominent  in  the  juice  about  the  first  week  in  August, 
sank  to  less  than  one-half  of  its  quantity  towards  the  close  of  that  month, 
and  amounted,  at  the  beginning  of  October,  to  one-fifth  only  of  the 
largest  quantity  noticed  in  August.  The  sugar  began  to  increase  in  the 
juice  about  the  same  time,  when  the  free  acid  had  reached  its  highest 
amount,  and  when  the  chlorophyll  began  to  suffer  a  transformation  of 
its  green  color  into  a  purple  pigment :  its  increase  was,  however,  in  a 
much  larger  ratio  than  the  decrease  of  the  free  acid.  A  test  of  the  en- 
tire berry  for  free  acid,  made  on  the  20th  of  July,  but  one  week  before 
the  highest  percentage  was  observed  in  the  juice,  showed  that  all  the 
free  acid  noticed  at  that  period  in  the  berries  was  in  solution  in  the 
juice  ;  while  repeated  tests  made  with  entire  berries,  and  also  with  their 
juice,  afler  the  free  acid  in  the  latter  had  considerably  fallen  off,  proved 
the  presence  of  a  larger  amount  of  free  acid  in  the  berries  than  in  the 
juice,  which  demonstrated  the  fact  that  the  smaller  quantity  of  free  acid 
found  in  the  juice  of  the  grapes  at  a  more  advanced  state  of  growth  is 
>due,  in  part  at  least,  to  the  circumstance  that  the  acid  has  partly  formed 
•quite  insoluble  acid  combinations  with  potassa  and  with  lime,  which  are 
largely  distributed,  in  a  crystalline  form,  through  the  cellular  mass,  and 
thereby  cause  a  less  acid  reaction  of  the  juice.  In  consideration  of  these 
observations,  it  seems  but  reasonable  to  conclude  that  Liebig's  view, 
which  assumes  a  conversion  of  the  acid  of  the  grapes  in  the  later  stages 
of  their  growth  into  grape  sugar,  does  not  agree  with  our  present  infor- 
mation. Dr.  Neubauer,  in  his  interesting  investigation  of  German 
grapes,  came  to  similar  conclusions.  He  favors,  besides,  the  opinion 
that  a  periodical  increased  access  of  potassa  and  lime  into  the  fruit, 
causes  the  mentioned  alterations  at  the  stated  stage  of  development.  I 
shall  return  to  this  subject  when  discussing  the  relation  of  the  ash  con- 
stituents in  different  stages  of  growth  to  the  periodical  changes  in  the 
composition  of  the  fruit.  A  careful  test  made  with  the  sap  of  grape- 
vines, taken  in  the  month  of  May,  from  an  incision  in  the  vine,  made 
from  about  four  to  five  feet  above  the  ground,  proved  the  absence  of 
both  cane  and  grape  sugar  in   that  liquid.      Comparing  the  above 
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reported  results  of  the  comparative  tests  carried  out  with  the  juice  of 
the  wild  purple  grape  and  that  of  its  cultivated  offspring,  it  becomes  at 
once  noticeable,  that,  as  far  as  the  present  investigation  has  been  ex- 
tended,  their  main  difference,  from  a  chemical  stand-point,  consists  in 
changes  regarding  the  quantity  of  sugar,  the  amount  of  total  soluble 
matter,  and  the  intensity  of  color.  The  acid,  it  seems,  has  not  been 
affected.  The  sugar  increases,  during  the  last  period  of  ripening,  but 
little,  and  apparently  partly  from  concentration  of  the  juice  by  loss  of 
moisture.  Once  removed  from  the  grape  vine,  the  grapes  lose  moisture 
quite  rapidly  at  ordinary  temperatures,  yet  at  different  rates,  as  may  be 
seen  from  the  following  statement : 


Percentage  of  moisture  loat. 

CoDOord. 

Agtwam. 

ImelU. 

r 

DeUvare. 

Within  eiffht  davs 

9.97 

9.97 

20.53 

26.75 

10.80 
17.76 
24.89 
31.12 

11.74 

11.74 
27.54 
35.62 

8.75 

**       two  weeks •  •  • 

14  41 

"      three  weeks .  •  •  • 

19  87 

*'      four  weeks • 

24  52 

The  aromatic  principles  beome  more  prominent  at  the  close  of  the 
ripening  process,  in  all  probability  in  consequence  of  a  reaction  of  the 
albuminoids  on  the  grape  sugar.  They  consist  usually  of  combinations 
of  alcohols  with  fatty  volatile  acids  (compound  ethers). 

ON   THE   COMPOSITION   OF   VJiRIOUS   KINDS   OF   CULTIVATED   BIPB   OBAPSS. 

The  subsequent  statements  comprise  the  observations  of  1876  and 
and  1877 :  the  specimens  which  served  for  tests — with  the  exception  or 
the  Catawba,  the  Isabella,  the  Eumelan,  the  first-named  Hartford  Pro- 
lific, and  the  wild  varieties — came  from  the  College  vineyard,  and  were 
as  nearly  as  possible  of  the  same  degree  of  ripeness. 


Hartford  Prolific, 
(Obtained  through  the  kindness  of  H.  Kendall,  Esq.,  Providence,  R.  I.) 


Date. 


1876. 

Sept.       5 . . 


Speeffle 
Gravity. 


1.06 


I 


22^ 


"1 


53* 


o«> 


SO 


82.61 


17.39 


13.89 


1'^ 


o  bS 


I 


79.87 


88.8 
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Iv€8^  Seedling. 


Date. 


Spedfio 
Qravity. 


fill 
fail 


I" 


•-2 

m  O  »• 

6"' 


Sis  si 


o   ..s 


5  V  8  a  o. 


Sept.      6 . . 

1.07 

26° 

79.85 

20.15 

15.15 

75.14 

88.6 

lona. 

Sept.      7.. 

1.08 

21° 

75.44 

24.56 

15.15 

61.68 

144 

Zona.     (Mildewed.) 

Sept.      7 . . 

1.045 

26° 

85.59 

15.41 

6.25 

40.56 

204.4 

Agawam. 

Sept.    11.. 

1.075 

20° 

79.21 

20.79 

17.24 

82.92 

94.8 

Wilder. 

Sept.    11.. 

1.064 

20° 

83.47 

16.53 

13.67 

82.69 

56 

Delaware. 

Sept.  12.. 

1.08 

24° 

76.51 

1 
23.47 

17.86 

76.09 

74 

Sept.  12.. 


Charter  Oak, 


1.08 

24° 

84.02 

15.98 

8.77 

54.94 

168.3 


Sept.  16.. 


Israella. 


1.075 

23° 

80.33 

19.67 

9.20 

46.77 

89.8 
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Benfs  Seedling, 


Date. 


Sept.  20 


Sept.  13 
"    26 


Specific 
gravity. 


a  « 


1^5 


(V 


IN' 


III 

lb 


1.065 
1.075 


24° 
24° 


84.10 
80.66 


15.90 
19.34 


13.16 
15.43 


82.76 

79.78 


-**j  as  9 

|SSS8. 


1.08 

21° 

78.35 

20.65 

16.13 

78.11 

181.8 


Adirondack. 

Sept.  20 

1.065 

21° 

84  89 

15.11 

13.17 

87.16 

68 

Catawba.     (From  New  York.) 

Oct.  16 

1.08 

13° 

76.55 

23.45 

17.39 

74.16 

82 

Wilder. 

18T7. 

Sept.  11 

1.065 

23° 

83.59 

16.41 

15.15 

92.32 

60 

Charter  Oak. 

Sept.  12 

1.055 

23° 

83.78 

16.22 

9.80 

60.42 

96 

Concord. 

102 

70,8 


JSumelan. 


Sept.  24 


1.065 

16° 

80.38 

19.62 

13.16 

67.07 

73 
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Wild  White 

Grape. 

(Ripe,  yet  not  shriveled.) 

Date. 

Specific 
gravity. 

1 

Temperature 
Centigrade. 

Moisture  lost 
at  100*-110« 
Centigrade. 

Percentage  of 
dry  matter 
at  100^-110 
Centigrade. 

Percentage  of 
grape  sugar 
in  the  Juice. 

Percentage  of 
sugar  in  solid 
dry  matter. 

Amount  in  cu. 
cent,  of  soda 
solution  to 
neutralise  100 
parts  Juice. 

Sept.    5 

1.050 

22° 

84.43 

15.57 

7.20 

46.24 

140.8 

(Sp 

ecimen  m 

uch  shriveled.) 

1 

"    20 

1.060 

16° 

79.98 

20.02 

10.00 

49.95 

130 

Wild  Purple  Grape,     (Near  Adams's  Pond ;  was  shriveled.) 


Sept.  20 


1.045 

16° 

83.69 

16.69 

8.22 

49.25 

104 


The  different  kinds  of  grapes  above  mentioned  behaved,  in  many 
instances,  quite  remarkably  unlike  each  other  in  regard  to  the  action  of 
their  juice  towards  basic  acetate  of  lead.  The  latter  produces  in  every 
case  a  voluminous,  colored  precipitate ;  yet  these  colors  seem  to  result 
from  the  presence  of  several  distinctly  different  pigments  in  the  grapes, 
peculiar,  in  all  probability,  to  the  wild  native  varieties  from  which  our 
cultivated  ones  have  been  produced.  This  re-action  may  prove  of  prac- 
tical use  as  an  aid  in  tracing  the  relationship  to  each  other  of  the  differ- 
ent varieties  of  grapes  under  cultivation.  Dr.  G.  Engelmann,  in  his 
excellent  description  of  the  true  American  grape  vines,  incidentally 
states  that  some  growers  consider  the  Delaware  and  the  Clinton  as  de- 
rived from  the  same  wild  variety  Riverside  grape  ( Ft Im  rtparta,  Mich.), 
which  appears  doubtful,  judging  from  the  reaction  with  basic  acetate  of 
lead ;  for  the  juice  of  the  Delaware  grape  gives  a  cream-colored  precip- 
itate, while  that  of  the  Clinton  produces  a  bluish-green  colored  one,  in- 
dicating quite  different  pigments  in  these  varieties.  As  this  peculiarity 
of  the  different  kinds  of  grapes  may  be  of  interest  to  some  cultivators, 
I  will  state  some  of  my  results  in  this  direction.  The  reactions  are  all 
made  with  ripe  grapes,  if  not  otherwise  stated. 

Purple  Wild  Grape. 

Hartford  Prolific. 

Concord. 

Wilder. 

Ive's  Seedling. 

Israella. 

Isabella. 

Clinton. 


From  light  purple  and  bluish- 
green  to  slate  color. 
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^  From  bright  sulphur-yellow  to 
cream-color. 


White  Wild  Grape. 

lona. 

Delaware. 

Charter  Oak. 

Eumelan. 

Agawam. 

Whether  the  various  tints  of  the  precipitates  are  due  to  the  combi- 
nation of  the  two  extremes,  dark  purple  and  light  sulphur-yellow,  or  to 
the  result  of  a  peculiar  physiological  process  in  the  different  yarieties, 
is  a  question  which  only  more  detailed  inquiries  can  decide. 

INFLUBNCB   OF   GIRDLING   THE   VINES   ON   THE   GROWTH   AND   COMPOSITION 

OF   GRAPES. 

The  current  statements  regarding  the  effects  of  girdling  grape  vines 
on  the  quality  of  the  grapes  growing  on  such  plants,  are  quite  contra- 
dictory. To  obtain  some  more  definite  idea  concerning  this  practice,  a 
series  of  experiments  was  planned,  and,  with  the  kind  assistance  of 
Professor  S.  T.  Maynard,  carried  out  during  the  past  season.  The 
vines  were  girdled  during  the  first  week  of  August, — about  the  time 
when  the  berries  of  the  Ck>hcord  grape  had  reached  the  point  when  the 
free  acid  had  attained  its  highest  development,  and  the  grape  sugar  had 
begun  slowly  to  increase.  Entire  vines,  as  well  as  large  branches, 
served  for  the  trial.  Two  incisions,  from  one-eighth  to  one-fourth  of  an 
inch  apart,  were  made  through  the  bark  and  the  cambium  layer,  and  the 
mass  between  these  cuts,  down  to  the  wood,  carefully  removed.  A  de- 
cided difference  in  the  degree  of  growth  of  the  grapes  began  soon  to  be 
noticeable,  and  to  manifest  itself  during  the  entire  season,  until  the 
grapes  on  the  girdled  branches  had  just  reached  their  ripeness.  The 
tests  made  at  this  point,  with  both  the  grapes  of  the  girdled  and  of  the 
ungirdled  branches,  grown  upon  the  same  vine,  showed  quite  a  remark- 
able difference  in  the  general  quality  of  the  entire  grape  and  in  their 
relative  degrees  of  development.  In  some  instances,  it  can  be  safely 
said  that  the  girdled  branches  were  from  two  to  three  weeks  in  advance 
of  the  ungirdled  ones.  A  careful  comparison  of  the  previously  de- 
scribed rate  of  growth  of  the  Concord  grape  can  serve  as  a  proof  of  this 
statement.  Some  of  the  subsequently  described  analytical  results  do 
not  as  decidedly  prove  the  great  difference,  because  the  tests  were  car- 
ried out  a  few  days  later  than  they  ought  to  have  been,  which  gave  a 
good  chance  for  the  grapes  from  the  ungirdled  branches  to  gain  time  on 
the  grapes  from  the  girdled  branches,  which,  being  ripe,  had  reached  a 
period  of  but  very  slow  change  in  composition.  The  analytical  state- 
ments below,  concerning  the  Concord  grape,  show,  also,  that  a  ripe 
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grape  does  not  improve  when  kept  too  long  on  the  vine.  The  sugar 
decreases  apparently,  and  the  acid  increases  (most  likely  on  account  of 
the  formation  of  some  acetic  acid) ;  the  taste  becomes,  by  degrees,  more 
indifferent.  The  girdled  vines  did  not  show  the  slightest  difference 
when  compared,  at  the  close  of  the  season,  with  the  ungirdled.  The 
place  where  the  bark  had  been  removed  was  grown  over.  Ihe  plants 
which  served  for  the  experiments  will  be  watched  during  the  coming 
season,  to  learn  whether  any  serious  after-influence  may  show  itself.  It 
s  also  intended  to  find  out  what  eflfect  girdling  will  exert  on  grapf^s  and 
juice  when  carried  out  at  other  periods  of  their  growth. 

RESULTS    OF   OIRDLIMO   OR  API  VINES. 

Hartford  Prolific.     (Branch  not  girdled.) 


Date. 

SpeclflcgraTity 
of  Juloe  of 
berriei. 

Temperature 
Centigrade. 

n 

• 

in 

tugar  in  solid 
dry  matter. 

1877. 

Sept.  3 

1.045 

19° 

87.15 
Girdled 

12.85 
Branch. 

8.77 

68.25 

111.4 

"     3 

1 

1.065 

19° 

82.82 

17.18 

12.50 

72.76 

100 

Sept.  3 


(( 


3 


Wilder.     (Branch  not  girdled.) 


1.055 

19° 

84.59 
Girdled 

15.41 

Branch. 

10.42 

67.62 

1.075 

19° 

82.76 

17.24 

14.70 

85.26 

108.2 


88.4 


Delaware.     (Branch  not  girdled.) 


Sept.  4 

1.065 

19° 

84  25 

Girdled 

15.75 

Branch. 

11.76 

74.66 

101.2 

"      4 

1.075 

19° 

80.86 

19.14 

15.15 

79.16 

94.4 
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Agawam.    (Branch  not  girdled.) 


lona.     (Not  girdled.) 


Date. 

Bpeelflc  graTlty 
of  Juice    of 
berries. 

Temperature 
Centigrade. 

Moisture  lost 
at  lOOMlO" 
Centigrade. 

Percentage  of 
dry  matter 
at  100--110* 
Centigrade. 

Percentage  of 
grape  sugar 
in  the  Juice. 

Percentage  of 
sugar  in  solid 
dry  matter. 

13  S       S^ 
—  V.  CS  3 

Sept.   4 

1.060 

19° 

83.40 

Girdled 

16.60 
Branch. 

11.37 

68.48 

128.2 

u        4 

1.075 

19° 

81.55 

18.45 

16.31 

87.42 

114.8 

Sept.   6 


«      6 


1.0625 

22° 

80.37 

Girdled 

16.60 
Branch. 

13.51 

68.31 

1.085 

22° 

78.52 

21.48 

15.63 

72.76 

131.4 


125.6 


Concord.     (Branch  not  girdled.) 


Sept.   6 

1.045 

22° 

86.54 

Girdled 

13.46 
Branch. 

7.46 

55.42 

182.4 

"      6 

1.070 

22° 

82.47 
Branch  nc 

17.53 

>t  girdled, 

13.88 

79.18 

102.S 

"    26 

1.065 

22° 

82.37 

Girdled 

17.63 
Branch. 

13.70 

78.27 

86. 

"    26 

1.080 

22° 

• 

75.53 

Branch  nc 

24.47 

►t  girdled. 

19.61 

1 

80.13 

76.8 

Oct.     5 

1.075 

12° 

79  08 
Girdled 

20.92 
Branch. 

17.50 

85.37 

42. 

"      5 

1.085 

12° 

17.86 

54. 
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ON   THB   HmSRAL   00NSTITUSNT8   OF   THE   CONCORD   AND    THB  WILD  PURPLBT 

ORAPE   VINES. 

In  a  previous  report  (1876)  I  have  already  stated  the  ash  analyses 
of  several  parts  of  the  Concord  grape ;  namely,  that  of  the  seeds,  of  the 
stems,  and  of  the  skins  of  the  grapes,  of  the  young  and  old  woods,  be- 
sides that  of  the  fresh  and  fermented  grape  juice.  In  the  present  com- 
munication I  propose  to  add  the  following  analytical  results  : 

I. — Analysis  of  the  young  branches,  with  their  tendrils  and  blos- 
soms, of  the  Concord  vine. 
II. — Analyses  of  the  berries,  without  their  stems,  of  the  Concord 

vine,  in  different  stages  of  their  growth. 
III. — Analyses  of  the  berries  of  the  Concord  grape  raised  with  the 
assistance  of  a  special  fertilizer,  and  of  those  raised  without 
any  fertilizer,  upon  the  same  field. 
IV.— Analyses  of  the  berries  of  the  Wild  Purple  grape,  without 
stems,  grown  in  the  woods  near  Adams's  Pond,  and  of  those 
transplanted  from  that  locality  to  the  college  vineyard,  and 
there  treated  with  the  same  fertilizer  as  the  Concord  grape 
vine  mentioned  above  in  No.  3. 
As  the  investigation  is  still  going  on,  it  is  thought  best  to  defer  a 
detailed  discussion  of  these  quite  interesting  results  to  a  future  occasion, 
when  the  work  pointed  out  in  the  introduction  may  be  considered  more 
satisfactorily  accomplished.     As  the  peculiarity  of  the  season  must, 
quite  naturally,  be  considered  an  important  agency  in  controlling  the 
results  of  growth,  it  is  most  desirable  that  certain  tests  should  be  re- 
peated for  several  years,  to  impart  more  reliability  to  the  conclusion 
drawn  from  all  facts  and  circumstances  which  bear  on  the  question 
under  discussion. 

Thus  far  the  results  obtained  with  one  fertilizer  only  have  been  ex- 
amined. This  fertilizer,  which  I  have  called  No.  1  in  my  experiments, 
contains  one  pound  of  nitrogen  in  form  of  nitric  acid,  to  three  and  one- 
half  pounds  of  potassium  oxide  in  the  form  of  potassium  nitrate,  and 
two  and  one-quarter  pounds  of  soluble  phosphoric  acid,  prepared  from 
bone-black  waste.  The  amount  per  acre  is  compounded  of  one  hundred 
and  eighty  pounds  of  potash  nitre,  and  four  hurdred  and  fifty  pounds  of 
a  superphosphate  containing  twelve  per  cent,  of  soluble  phosphoric  acid. 
In  the  analysis,  to  obtain  a  material  of  exact  comparative  value,  I  con- 
verted the  carefully  prepared  ash  constituents  into  sulphates,  subse- 
quently determined  the  sulphuric  acid,  and  calculated  in  the  remaining 
saline  matter  the  various  constituents  for  one  hundred  parts.  The 
silicic  acid  has  not  yet,  in  every  case,  been  controlled  by  a  re-solution, 
and  is  therefore  included  with  the  incidental  insoluble  matter  under 
that  name. 
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I. — Young  branches,  with  tendrils  and  blossoms,  of  the  Concord 
grape  vine,  collected  on  the  15th  of  June,  1876: 

Moisture  lost  at  100*>-110*'  centigrade. 80.80  per  cent. 

Dry  matter 19.20        " 

One  hundred  parts  of  their  ash  contained : 

Potassium  oxide 24.7102  per  cent. 

Sodium  oxide 9442 

Calcium  oxide 40.5802  " 

Magnesium  oxide 10.6611  " 

Ferric  oxide 1.0778  " 

Phosphoric  acid 17.1690  " 

Matter  insoluble  in  dilute  hydrochloric  acid 6.6705  " 

II. — Berries  of  Concord,  without  stems,  and  not  fertilized : 

(a)  Berries  collected  on  the  7th  of  July,  1876. 
(6)  Berries  collected  on  the  17th  of  July,  1876. 

(c)  Berries  collected  on  the  18th  of  August,  1876. 

(d)  Berries  collected  on  the  13th  of  September,  1876. 


w 

W 

W 

(d) 

Potassium  oxide 

41.73 

5.04 
26.08 

7.80    1 

0.66 
18.48 

1.87 

47.84 
1.13 

24.21 

To  be  rede- 
termined. 

.76 

21.38 

.43 

51.14 

8.19 

16.20 

[       6.38 

.66 

20.77 

1.67 

67.15 

SocUum  oxide 

4.17 

Calcium  oxide 

11.30 

Magnesium  oxide 

Ferric  oxide 

8.10 
.40 

Phosohoric  acid 

12.47 

InBoluble  mAtter  .......«• 

11.82 

III. — Berries  of  the  Concord  grape,  without  stems,  raised  upon  the 
ground,  feriilized  as  stated  above,  and  collected  on  the  dd  of  October, 
1877: 

Potassium  oxide 64.66  per  cent. 

Sodium  oxide 1.42  " 

Calcium  oxide 9.13  " 

Magnesium  oxide 8.63  " 

Ferric  oxide 50  " 

Phosphoric  acid 14.87  " 

Insoluble  matter. 6.80  " 
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IV.— Berries,  without  stems,  of  the  Wild  Purple  grape: — 

(a)  Berries  collected  on  the  13th  of  September,  1876,  from  a  wild  Tine  near  Adams's 
Pond. 

(6)  Berries  collected  on  the  20th  of  September.  1876,  transplanted  to  the  coUecfe 
grounds,  and  fertilized  as  stated  above. 


(») 


Potaseinm  oxide. . 

Sodium  oxide 

Calcium  oxide 

Magnesium  oxide, 
Ferric  oxide 


Phosphoric  acid.. 
Insoluble  matter. 


60.93 

62.66 

.16 

.86 

22.28 

14.24 

6.69 

8.92 

.79 

.68 

17.40 

18.18 

2.98 

4.68 

KFFE0T8   OF   CULTIVATION   AND    FERTILIZATION   ON   THE   OOMPOBITION    OF 

SOME   WILD   VARIETIES   OF   ORAPBB. 

Analyses  of  Wild  White  and  Purple  grapes  :  — 

(a)  Berries  of  Wild  White  grape,  without  stems,  from  near  Adams's  Pond,  collected 

on  the  20th  of  September,  1877.    (Dead  ripe.) 

(b)  Berries  of  Wild  Whi^  gr&pe,  without  stems,  from  college  vineyard,  treated  with 

fertilizer  No.  1.    Collected  20th  of  September,  1877.    (Dead  ripe.) 

(c)  Berries,  without  stems,  of  Wild  Purple  grape,  from  Adams's  Pond.     Collected 

20th  of  September,  1877.    (Dead  ripe.) 

(</)  Berries,  without  stems,  of  Wild  Purple  grape,  treated  with  the  above  stated  fer- 
tilizer.   Collected  20th  of  September,  1877.    (Dead  ripe.) 
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ft>ectfic 
Gravity. 

Temperature 
Geotigrade. 

tfii 

Peroentage  of 
grape  sugar 
In  the  Juice. 

Percentage  of 
sugar  In  solid 
dry  matter. 

mil 

iilil 

(a) 

• 

a 

1.060 

16<» 

79.98 

20.02 
(6) 

10 

49.95 

ISO 

78.86 

21.65 
(c) 

14.29 

65 

66 

1.046 

160 

88.81 

16.69 

8.22 

49.26 

104 

1.066 

16« 

80.45 

19.65 

18.67 

69.92 

121.6 

These  analyses  show  very  decidedly  the  influence  of  mere  cultiva- 
tion on  wild  varieties.  Further  investigations  in  this  direction  are  in 
progress. 
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X. — Proceedings. 
Regular  Meeting,  Thursday,  April  4/A,  1878. 

Vice-President  Cabamajor  in  the  chair.  The  minutes  of  the 
previous  meeting  were  read  and  approved. 

The  following  were  elected : 

As  Me7nber8 — F.  M.  Kogers,  W.  Chandler  Koberts,  J.  P. 
Carson  ;  Associate^  Q.  Ilarding. 

Prof.  Goessmann's  papers  were  read  by  title  and  ordered  to  be 
printed. 

Dr.  Mott  read  a  paper  "  On  the  application  of  Polarized  Light 
for  the  Examination  of  the  Alkaloids  of  the  Quinine  group,"  giv- 
ing the  results  of  qualitative  and  quantitative  experiments  on  the 
behavior  of  the  alkaloids  of  the  quinine  group  in  polarized  light. 
In  the  discussion,  that  followed,  the  use  of  Laurent's  improved 
modification  of  Soleil's  saccharometer,  using  monochromatic  light, 
was  recommended.  The  objection  to  this  is,  that  it  is  very  tire- 
some to  the  eye,  and  for  this  reason  Mr.  Casamajor  stated,  that  the 
sodium  light  is  not  reliable,  the  best  results  only  being  obtained 
with  ruby  glass. 

Mr.  J.  Lawrence  Smith  stated,  that,  the  process  in  the  arts  for 
the  separation  of  the  quinine  alkaloids  being  almost  perfect.  Dr. 
Mott's  method  for  the  determination  of  their  respective  quantities 
must  be  highly  welcome. 

Mr.  Stillwell  read  a  paper  "On  the  Estimation  of  the  precipi- 
tated or  reduced  Phosphoric  Acid  in  Superphosphates."  The 
methods,'  employed  by  different  analysts,  vary  so  greatly,  that  it  is 
impossible  to  obtain  uniform  results,  therefore  it  is  very  desirable 
that  the  analysts,  of  this  country  at  least,  should  come  to  an  under- 
standing regarding  the  estimation  of  reduced  phosphoric  acid. 
Several  members  corroborated  Mr.  Stillwell's  statements  and  all 
agreed,  that  the  results  varied  with  the  methods  employed. 

Mr.  J.  L.  Smith  then  entertained  the  society  with  a  brief  state- 
ment of  the  results  of  his  examination  of  the  columbites  and  tan- 
talites,  and  of  Greenland  basalts.  Samarskite  contains  no  thorium 
oxide,  but  an  oxide  from  the  cerium  group,  being  precipitated  by 
silver  and  potassium  sulphate ;  it  can  be  separated  by  fractional 
precipitation  of  the  oxides,  and  must  be  terbium  or  a  new  metal. 

Mr.  Smith  has  made  an  approximate  estimation  of  its  atomic 
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weight.  He  has  sent  some  to  Marignac,  who  has  recently  found 
Tb  in  gadolinite. 

In  the  course  of  his  investigations,  Mr.  Smith  found  that  tho- 
rium can  be  separated  from  cerium  by  treating  the  oxide3  with  CI 
in  an  alkaline  solution,  when  only  Th  is  dissolved,  which  can  be 
precipitated  by  NH,. 

The  best  method  to  attack  columbites  and  tantalites  is  with 
hydrofluoric  acid,  which  shortens  the  process  considerably. 

The  arrangements  for  the  second  anniversary  of  the  society 
were  left  to  the  Committee  on  Conversazione. 

The  following  were  proposed : 

As  Members — ^E.  CaJder,  Providence,  R.  I. ;  D.  Suthy,  Phila- 
delphia. 

As  Associates — E.  D.  Weston,  N.  Y. ;  D.  D.  Williamson, 
N.  Y. 

Dr.  Chandler  made  the  following  motions : 

Besolvedj  That  the  Secretary  be  directed  to  present  to  the 
Trustees  of  the  College  of  Pharmacy,  the  thanks  of  this  society 
for  their  generous  hospitality  in  granting  to  us  the  use  of  their 
lecture  room,  and  our  congratulations  on  the  continued  prosperity 
of  the  College,  and  on  their  recent  acquisition  of  a  new  building, 
which  will  afford  them  greater  facilities  for  the  expansion  of  their 
most  useful  work  in  affording  an  education  to  pharmacists. 

Resolved^  That  the  Treasurer  be  directed  to  request  the  per- 
mission to  pay  for  the  gas  consumed,  and  for  any  other  expenses 
which  attended  the  use  of  the  lecture  room  by  this  society. 

Carried  unanimously. 

Adjourned. 

M.  ALSBERQ, 

Recording  Secretary. 

XI. — Report  on  recent  Experiments  with  Suoar-canb  in  Louisiana. 

BY  PROF.  C.  A.  GOESSMANN. 

The  most  interesting  feature  of  these  experiments  consists  in  the  cir- 
cumstance, that  they  were  planned  with  the  design  to  ascertain  the  effects 
of  various  compositions  of  fertilizers,  with  reference  to  both  quantity 
and  quality  of  the  cane  raised  by  their  assistance.  The  fact,  that  the 
polariscope  has  been  used  on  that  occasion,  for  the  first  time  for  that 
purpose,  upon  the  plantations  of  Louisiana,  deserves  particular  notice. 
The  results  being  based  only  on  two  years'  experimenting,  are  quite 
naturally  not  decisive  ;  yet  they  derive  already  an  u.usual  interest  from 
the  fact,  that  they  furnish  an  excellent  chance  to  the  sugar  manufacturers 
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in  Louisiana,  to  learn  with  what  success  they  have  been  able  during  the 
past  to  secure  a  fair  percentage  of  the  sugar  contained  in  the  (iane  they 
have  been  raising.  Knowing  once  with  approximate  certainty  the 
amount  of  sugar  which  the  growth  of  one  acre  contains,  intelligent  at- 
tempts to  secure  the  largest  percentage  possible  will  not  long  be  de- 
layed. The  prospects  are,  therefore,  that  by  continuing  their  intelligent 
course  of  investigation,  a  more  rational  system  of  fertilization,  supported 
by  an  improved  mode  of  separating  the  sugar,  will  soon  richly  repay 
the  expenses  incurred.  One  of  the  plantations  which  served  for  the  ex- 
periments, is  owned  by  Daniel  Thompson,  Esq.,  of  Bayou  Teche,  in  the 
parish  St.  Mary ;  and  the  other  one  belongs  to  Thomas  M.  Caje,  Esq., 
of  Houma,  in  the  parish  Terrebonne.  The  land  used  for  the  trial  was 
in  both  instances  carefully  selected  and  suitably  prepared  for  the  work ; 
each  experimental  plot  consisted  of  one  acre  in  size. 

I.^ — Ma.  Daniel  Thompson's  Experiments  (1876). 

TABLE  A. —  PLANT  C%NE — ELEVEN  PLOTS. 


o 

s 

e 

as 


Material 
used  as  Fertiliser. 


6 


1  .Animal  matter 

I 

2  Animal  matter 
3 


Cotton  Seed  Meal 

Sulphate  of  Ammonia. . 
Acid  Phosphate  of  Lime 
Nitrate  of  Potassa. 


4    Sulphate  of  Lime 

: Sulphate  of  Ammonia. . 

Nitrate  of  Potassa 


d 

or 

450 


460 


Qaantitjr  of  soluble 

constltaents 
of  tlie  Fertiliser. 


^1- 
!.§§ 


o 

s . 

la 

2 


400 

100 

221 

86 


Phosphoric  Acid,  56.  I6e. .  |  | 

Ammonia,  56.5  lbs 44,840.2955 

Phosphoric  Acid,  66.  lbs. .  j 
Ammonia,  38.  lbs. , ; 38,560 


Ammonia,  68.  lbs 

Phosphoric  Acid,  56.  lbs..! 5 1,700 
Potassium  Oxide,  40.  lbs. .  i 

Nitric  Acid,  45.  lbs ' 

313  Ume,  102.  lbs | 

223  Ammonia,  66.  lbs 50,450 

Nitric  Acid,  89.  lbs 

178  Potassium  Oxide,  80.  lbs.. 

I  Acid  Phosphate  of  Lime  357  Phosphoric  Acid,  64.5  lbs. 

5  I  Acid  Phosphate  of  Lime  1321;  Phosphoric  Acid,  40.  lbs.. 


Sulphate  of  Ammonia. . 
Nitrate  of  Potassa 

Acid  Phosphate  of  Lime 


I  Nitrate  of  Potassa 

7  Acid  Phosphate  of  Lime 

8  Acid  Phosphate  of  Lime 
Nitrate  of  Potassa. 


Sulphate  of  Lime, 
9    Animal  matter. . . 

10  Not  fertilized  .. 

11  Cotton  Seed  Meal. 


1 60 !  Ammonia,  40.  lbs 
86  Potassium  Oxide,  40.  lbs..  57,200 

JNitric  Acid,  45.  lbs 

221  Phosphoric  Acid,  40.  lbs. . 

iPotas^nm  Oxide,  40.  lbs. .  49,940 

86  Nitric  Acid,  45.  lbs j 

22llPhosphoric  Acid,  40.  lbs..  44,600 

637  Phosphoric  Acid,  97.  lbs.. 

179  Potassium  Oxide.  80.  lbs..  64,Q30 

;Nitric  Acid,  89.  lbs • 

348 i Lime,  106.5  lbs. 

400  Ammonia,  67.6  lbs 52,940 


2665 


3862 


3632 


St^   S 
9  cS  9 


10.1 
10.6 


S  ^ 
i-l 

3  3  if 


2635 
2463 


10.  i  3406 


9.8 


4060 

8341 
3207 
3676 


9.6 

9.8 
10.6 


I 


2892 
3016 


11.0   3497 


500 


3840 10.0   3396 
'44,920  3175  12.  ,  8367 

Ammonia,  41.6  lbs |  ! 

Phosphoric  Acid,  18.5  lbs.  51,710  3771    9.6      8167 
Potii«sium  Oxide,  10.  lbs..'  ! 
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TABLE  B. — RATTOONS. — SEVEN  PLOTS. 


1 

.S 

*5       ii 

^*Z' 

• 

1 
i 

t^ 

Quantity  of  soluble 

c  w     «    P« 

^^1 

B  >  9 
9  If  O 

O 
S 

Material                  i 

1  tityu 
pouiic 

constituents 

at 

^§.1 

^ 

uied  as  Fertillier.          i 

■ 

•ssg 

«i  ^^s 

■3  SP« 

• 

Im 

of  the  FertUiier. 

g5a 

d  <* 

Ri« 

^ 

or 

^ 

y.       as         1 

1- 

1 

Nitrate  of  Potassa 

86  Potassium  Oxide, 40.  lbs. . 

Nitric  Acid,  46.  lbs 

Sulphate  of  Ammonia. . 

150 

Ammonia,  40.  lbs ,33,380  1413  10.2 

1270 

Acid  Phosphate  of  Lime 

221 

Phosphoric  Acid,  40.  lbs.. 

2    Sulphate  of  Lime 

Sulphate  of  Ammonia. . 

318 

Lime.  102.  lbs 

223 

Ammonia,  56.5  lbs. 

Nitrate  of  Potassa 

lis  Potassium  Oxide,  80.  lbs. .  41,925,2581. 

9.7 

2449 

1 

Nitric  Acid,  89  lbs 

'  Acid  Phosphate  of  Lime 

367  Phosphoric  Acid,  64.6  lbs. 

3    Not  fertilized 

20.660  1350!12.8 

1537 

4    Animal  matter 

600  Ammonia,  60.6  Ibp 

1 

Phosphoric  Acid,49.6  lbs.  25.640]  1687  12.0 

1748 

5    Animal  matter. . . 

600  Ammonia,  42.  lbs 

1 

l^hosphoric  Acid,  62.  lbs.., 30,36(»i2141  11.2 

2123 

6    Animal  matter 

|60) 

Ammonia,  101.6  lbs 30,410  2512  11.2 

2497 

1    Cotton  Seed  Meal 

50.1 

Ammonia,  41.6  lbs 

1 

Phosphoric  Acid,  19  lbs..  31,66012024.11.8 

£032 

I 

Potassium  Oxide,  10.  lbs. . 

1 

1 

1 

N.  B. — The  sulphate  of  lime,  contained  in  the  acid  phosphate  of  lime,  has  in  no 
instance  been  specified ;  and  the  figures  are  copied  as  reported,  except  in  the  case  of 
nitrate  of  potassa,  where  the  amount  of  nitric  acid  has  been  separately  stated. 

II. — Mr.  Thomas  M.  Caje's  Experiments  (1876) 

Were  carried  on  under  nearly  identical  conditions  as  those  of  Mr.  I'hompson  ;  the 
amount  of  cane  raised  upon. one  acre  (plot)  is  stated  in  loads,  equal  to  about 
3,000  pounds  each. 


51 


o 
7a 


Material 
used  as  Fertiliser. 


I  >.9  • 

So  I 

■  or    ■ 


Quantity  of  soluble 

constituents 
of  the  Fertiliser. 


IP. 


"Sl   5  3 


lis. 

S  ».  B 
•ft- 


^ 


GD.O 


1 

2 


3 
4 

6 
6 


8 


9 


Superphosphate  of  Lime  270 
Superphosphate  of  Lime,  270 
Cotton  Seed  Hull  Ashes  200 
Sulphate  of  Ammonia. . '  160 

Not  ferti'ized | 

Cotton  Seed  Meal ;600 

Cotton  Seed  Hull  Ashes  200 
Sulphate  of  Ammonia.  .jlOO 
Superphosphate  of  Lime  200 
Superphosphate  of  Lime' 400 
Sulphate  of  Ammonia. .  jlOO 
Nitrate  of  Potassa. 1 100 

I 

iCotton  Seed  Meal 300 

Superphosphate  of  Lime  200 
Sulphate  of  Ammonia. .  I  60 

Nitrate  of  Potassa !  50 

Blood  Fertilizer 800 


Phosphoric  Acid,  40.  lbs. . 
Phosphoric  Acid,  40.  lbs. . 
Potassium  Oxide,  40.  lbs. . 

Ammonia,  40.  lbs  

Phosphoric  Acid,18.871b8. 

Ammonia,  40.  lbs 

[Potassium Oxide,  10.  lbs. . 
Potassium  Oxide,  40.  lbs. . 

I  Ammonia,  26.  lbs 

Phosphoric  Acid,  32.  lbs. . 
Phosphoric  Acid,  64.  lbs. . 

[Ammonia,  25.  lbs 

Potassium  Oxide, 40.  lbs. . 

iNitric  Acid,  46.  Iba 

Phosphoric  Acid,  42.  lbs. . 

I  Ammonia,  49.  lbs 

Potassium  Oxide,  24.  lbs . . 

Nitric  Acid,  26.  lbs 

'  Ammonia.  88.  lbs 


|17. 

I 

20.76 

16.76 

19.76 
18. 


,3076  13.80'  3506 


'3700  12.62    8848 


8007118.83 


3615  13.86    4198 


3469 


i2744;i4.40 


>18.6     |308913.15 
21.        338118.20 


26.6 

17. 


'8988,13.44 


8292 


386: 


8680 


4426 


2783  13.86    8200 
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Results  op  Experiments  with  Fkrtilizers  upon  Plant  Cane  at  Cal- 
umet Plantatiov,  Bayou  Teciie,  La.  (18T7). 

PLOTS  one  acre  each. 


o 
51 


o 
as 


Material 
nsed  M  FerSiliier. 


a  ^ 
or 


Quantity  of  lolnble 

OODStltlieDtB 

of  the  FertiUien, 
in  poundg. 


il 

o 


si 
U 


I 

04 


«i4 

g  "  0 


o 

e  d    8 

e 


2-a 


as 


4  h^ 


2 
8 


Nitrate  Potash 100 

Sulphate  Ammonia ....  100 
Acid  Phosphate  Lime. .  200 

Nothing 

Cotton  Seed  Meal 500 


Acid  Phosphate  Lime. .  537 

Nitrate  Potash {17» 

! Sulphate  Lime 858 


I'otnsli 46. 

Ammonia 40.8 

Phosphoric  Acid. 80. 


Ammonia 41.66 

Phosphoric  Acid.  18.88 
Potash 10.88 


Tankage  

Cotton  Seed  Hull  Ash. . 


6 


18.67  40,766 


12.       8.6    8429 


84,71012.6     9.5    8298 


6.90  88,858  12.    '  9.2    8626 


Phosphoric  Acid .  80.66 

Pottisli 80.66.31.16  41,459  n.5     9.8    8866 

Lime 116.66 

Ammuoia 28.80 


60(»  Phosphoric  Acid. 86.76 

400  Potash 80. 

Ammonia. 54.48 


Acid  Phosphate  Lime..  200 


Phosphoric  Acid .  30. 


12.00  40,556  12.     10.2    4186 


Sulphate  Ammonia 200' Ammonia 60.     J  8  86  89,088 


Acid  l^hosphate  Lime. .  400  Phosphoric  Acid. 60. 

7  JNitrate  Potash 200 Potash 90. 

Sulphate  Ammonia 200  Ammonia. 81.60 


86.80 


8  iGeo.  B.  Forrester^s  Per 

tilizer 500 


46,698 


12. 
12. 


I 


9 


10 


11 


Geo.  B.  Forrester's. 


Phosphoric  Acid. 87.60 

Potash 46.26  18.80  86,507  18. 

Ammonia. 16.26| 

Magnesia. 6.60 


9.2  I  8596 
8.   ,'8727 

t 

I 

9.7  i  8446 


Phosphoric  Acid. 87.60 

500  Potash 46.26;  18.70  89,798 

Sulphate  Ammonia.. . . . 1 100;  Ammonia. 41.25 

Magnesia. 6.50 


Ammonia. 27.76 


Dried  Hog's  Blood ,250 

Acid  Phosphate  Lime . .  |400  Phosphoric  Acid .  64. 
Cotton  Seed  Hull  Ash . .  400  Potash 80. 


18.    .  9.8    8899 


17.06  89,017  18.5  10. 


12 


13 


14 


Cotton  Seed  Meal 500  Ammonia. 41.66 

Acid  Phosphate  Lime. .  200  Phosphoric  Acid. 48.88  18.28  86.566 
Cotton  Seed  Hull  Ash. .  200, Potash 6ii.8d 


Dried  Hog's  Blood 200  Ammonia 40.66 

Tankage 1200  Phosphoric  Acid .  82. 10,  9.00  87,991 

Cotton  Seed  Hull  Ash. .  300  Potash 6o. 


Acid  Phosphate  Lime. .  200  Phosphoric  Acid. 48.88  i 

Nitrate  Potash. lOOPotash 55.88  20.28  83,797 

Cotton  Seed  Meal .SOOi  Ammonia 67.46  ' 


Groond  Bone ; 200, Phosphoric  Acid. 49.88 

Sulphate  Ammonia. . . 
Nitrate  Potash 


160  Ammonia 61.90 

lOOPotash 46. 


20.18  41,077 


8901 


14.     11.      4022 


18.       9.9    3761 


13.6  11. 


18.     10. 


3717 


4107 


56  EXPERIMENTS  WITH  SUGAR  BEET  ROOTS. 

The  last  season  is  represented  as  a  very  disastrous  one  to  a  large 
number  of  sugar  planters  in  Louisiana.  An  unprecedented  storm  of 
wind  and  rain  on  the  17th  and  18th  of  September  last,  entirely  pros- 
trated the  cane  ;  it  did  not  rise  a^ain ;  some  of  it  sprouted  at  the  joints, 
and  as  the  sun  could  not  strike  it  at  an  advantage,  it  did  in  some  in- 
stances not  ripen  enough ;  a  very  low  temperature  on  the  I  st  of  De- 
eiember,  closed  fin  exceptionally  unfavorable  season.  Mr.  Th.  Caje,  of 
Houma,  La.,  who  has  carried  on  experiments  similar  to  those  of  Mr. 
Thompson,  suffered  more  than  the  latter,  and  for  this  reason  was  pre- 
vented from  carrying  his  investigations  to  a  satisfactory  end. 


XII. — On  Expeuimekts  with  Suoar  Beet  Roots. 
BY  PROF.  C.  A.  GOESSMANN. 

The  past  year  has  been  noted  for  the  practical  turn,  which  a  wide- 
spread interest  in  the  promotion  of  the  beet  sugar  question  has  taken. 

Numerous  and  in  some  instances  quite  extensive  field  experiments 
have  been  carried  on  in  many  States  of  the  Union.  The  results  ob- 
tained have  been  more  or  less  encouraging — some  have  failed  on  ac- 
count of  unreliable  seeds ;  others  on  account  of  irrational  modes  of 
manuring,  or  deficient  modes  of  cultivation,  or  too  late  seeding.  There 
remains,  however,  scarcely  any  doubt,  that  the  instructions,  which  may 
be  drawn  from  the  various  trials,  are  more  than  a  compensation  for  the 
disappointments  experienced. 

The  most  extensive  experiments,  which  were  made  in  the  State  of 
Massachusetts,  were  those  carried  on  by  the  Hampshire  Farmers'  In- 
stitute Their  experiments  are  deserving  more  than  a  passing  notice, 
on  account  of  being  instituted  in  a  locality,  which,  as  far  as  the  ques- 
tions of  the  fitness  of  the  soil  and  the  extent  of  suitable  lands  are  con- 
cerned, is  apparently  one  of  the  best  adapted  for  the  cultivation  of  sugar 
beet  roots  within  the  State. 

The  seed,  which  served  in  the  majority  of  cases,  was  expressly  im- 
ported by  me  from  Germany — Imperial  Saxony  ;  a  variety,  which  on 
previous  occasions  had  given  very  good  satisfaction.  In  two  cases, 
Lane's  English  sugar  beet  was  planted.  As  the  imported  seeds  arrived 
very  late  in  the  season,  the  planting  did  not  take  place  before  the  10th 
of  June — about  one  month  later  than  it  ought  to  have  been  attended  to 
in  our  vicinity ;  this  circumstance  may  have  affected  the  quality  of 
the  roots,  when  tested,  as  far  as  their  full  maturity  is  concerned. 

The  following  tabular  statement  summarizes  the  results,  which  have 
been  obtained.  The  tests  were  made  under  my  instruction  by  Messrs. 
Bragg  and  Benson. 
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•^    1^ 

8>. 

a 

5*- 
^5o  . 

EXPCRIMENTiXA. 

SEEDS. 

SOIL. 

MANURE& 

Specific  Gravll 

of 
Beet  Juice  (Bri 

Per  cent,  of  Su 
In  Beet  Juice 

Per  cent,  of 
Foreign  matter 
Beet  Juice. 

Percentage  o 
Cane  Sugar  In 
soluble  matter 
the  BeetJuld 

Hr.  E.  Chapin 

1 

German       Sandy  Loam. 

Fresh  Tazd  Manure. 

16.50« 

12.60 

4.00 

76.08 

Mr.  F.  Gaylord 

German 

Clayish  Loam. 

do. 
Tsrd  Manure  or 

15.S0 

11.05 

4.45 

71.80 

Mr.  Q.Smith 

German 

Warm  Alluvial. 

Chemicals. 

12.76 

9.17 

8.68 

71.92 

Bishop  Httotington.. 

English 

do. 

Fresh  Hog  Manure. 

18.60 

9.68 

8.97 

70.06 

Mr.  D.  A.Horton.... 

English 

Light  Sandy  Soil. 

No  Manure. 

18.60 

18.T8 

4.77 

74.21 

Mr.  G.DIclcenson.  .*. 

German 

AUuTlal  SoU. 

Brighton  Fertiliser. 

14.60 

11.15 

8.86 

76.90 

Pr.  Bonner. 

German 
(German 

Heavy  Soil. 
Not  stated. 

Yard  Manure. 
Not  stated. 

12.25 
18.50 

8.16 
9.90 

4.10 
8.60 

66.68 

Mr.  8.  Adams 

78.83 

Taking  into  consideration  that  these  results  have  been  obtained  in  a 
first  attempt  and  under  various  disadvantageous  circumstances,  it  must 
be  conceded,  that  they  are  very  encouraging.  The  lateness  of  the  seed- 
ing, and  the  almost  general  application  of  fresh  yard  manure,  in  many 
instances  upon  lands  which  in  previous  years  have  been  highly  manured 
with  rich  nitrogenous  phosphatic  fertilizers,  fish,  etc.,  for  the  produc- 
tion of  tobacco,  without  due  provisions  for  the  restitution  of  potash  to 
the  soil,  gre  conditions  which  must  make  themselves  felt,  even  in  the 
best  soils.  Although  the  percentage  of  sugar  is  in  several  individual 
cases  very  satisfactory,  in  others  it  is  not  sufficient  to  render  the  roots 
fit  fo'r  sugar  manufacture.  The  foreign  matter  in  solution  is  in  every 
instance  larger  than  desirable  for  manufacturing  purposes,  for  in  good 
sugar  beet  roots  these  substances  amount  to  from  eight  (8)  to  twenty 
(20)  parts  for  every  one  hundred  parts  of  sugar.  A  glance  at  the 
analytical  statements  given  above  reveals  the  existence  of  serious  dif- 
ferences. 


XIII.— The  Application  of  Polabizbd  Light  to  the  Examination  of 

THE  Alkaloids  of  tub  Quinin  Group. 
BY  HENRY  A.  MOTT,  Jr.,  Ph.D.,  E.M* 

It  has  been  known  for  a  long  time,  that  a  solution  of  any  of  the 
alkaloids  of  the  quinin  group  affects  polarized  light ;  that  is  to  say,  pos- 
sesses the  power  of  turning  the  plane  of  polarized  light  either  to  the 
right  or  to  the  left ;  but  I  believe  there  has  never  been  any  practical 
application  made  of  this  fact  to  facilitate  the  examination  of  the  alkaloids 
of  this  group,  with  the  exception  of  quinin  alone.     Having  occasion  to 
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examine  a  number  of  samples  of  quinin,  and  having  at  my  disposal 
the  necessary  facilities,  I  determined  to  apply  this  property,  and  see  if 
any  practical  application  could  be  made  of  it. 

The  alkaloids,  which  belong  to  the  quinin  group,  are :  Quinin,  quin- 
idin,  quinicin,  cinchonin,  cinchonidin,  and  cinchonicin.  The  relation  of 
these  alkaloids  to  polarized  light  may  be  expressed  as  follows : 

Quinin     produces  a  powerful  left  handed  rotation. 
QuiNiDiN         "         "         "         right    "  " 

Quinicin        "        "  feeble      .    "       **  ." 

CiNCtiONiN  "  "  powerful  **  " 
Cinchonidin  "  "  "  left  " 
Cinchonicin  "         "  feeble      right    " 

Pasteur  considers  that  quinin  and  cinchonidin  each  contain  two 
active  groups,  one  of  which  produces  strong  lefl-handed  rotation,  the 
other  producing  a  feeble  right-handed  rotation.  He  also  regards  quin- 
idin  and  cinchonin  as  each  consisting  of  two  groups,  one  of  which  exerts 
a  powerful  right  handed  rotation,  and  the  other  a  feeble  left-handed 
rotation  ;  and  he  supposes  that  in  each  of  these  bases,  by  the  agency  of 
heat,  the  more  powerful  group  is  rendered  inert,  whilst  the  weaker  one 
remains  unmodified,  thus  occasioning  the  effects  observed  in  quinicin 
and  cinchonicin.  As  these  last  two  alkaloids  do  not  find  any  use  as  yet 
in  commerce,  they  will  receive  no  further  consideration  in  this  paper. 
The  other  four  alkaloids  are  met  with  in  commerce  as  alkaloids,  as 
sulphates,  and,  in  the  case  of  quinin  and  cinchonin,  as  muriates ;  and 
again  quinin  as  bisulphate,  other  salts  having  but  little  use,  and  it  is 
in  the  condition  just  mentioned,  that  I  propose  to  consider  them. 

Before  planning  a  process  for  the  examination  of  the  above-men- 
tioned alkaloids,  it  becomes  necessary  to  bear  in  mind  the  following 
facts : 

That  the  rotating  power  of  a  substance  is,  according  to  Hesse,*^ 
simply  the  result  of  the  variable  action  of  its  factors,  viz. :  the  arrange- 
ment of  the  molecules^  as  regards  the  volume,  the  solvent,  the  tempera- 
ture, the  concentration,  the  chemical  combination,  the  dissociation,  and 
other  things ;  and  that  **  there  is  no  real  relation  between  the  rotating 
power  of  a  substance  and  its  molecules." 

With  respect  to  the  temperature,  Bouchardat  says :  "  Variation  in 
temperature  causes  variation  in  the  rotation  power  of  quinin ; "  but, 
according  to  Hesse,  the  variation  between  15°  C.  and  25°  C.  is  in- 
significant. 

Dr.  John  C.  Draper  f  thoroughly  investigated  the  eflfect  of  variation 


*  Annalen  der  Cliemie,  1875. 

t  Air.  Journ.  Sci.  <lc  Arta,  toI,  XI,  1876. 
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of  temperature  between  25°  C.  and  47°  C,  and  determined  the  correc- 
tion for  the  same.  He  also  pointed  out,  that  the  effect  of  diluting  a 
solution  of  quinin  was  to  diminish  the  power  of  rotation  more,  than  the 
theoretical  amount,  and  that  the  effect  is  more  marked  in  the  first  dilu- 
tion than  in  the  second. 

According  to  Bouchardat,*  acids  increase  the  rotating  power  of 
quinin  solutions,  ammonia  restoring  it  to  th^  original  amount. 

After  carefully  considering  these  different  points,  I  have  adopted  the 
following  method  to  obtain  the  standard  rotation  of  the  several  alkaloids 
and  their  respective  sulphates. 

Each  alkaloid,  sulphate  and  muriate,  in  a  perfectly  pure  condition^ 
was  thoroughly  dried  at  ]00°  C,  and  .2  grm.  (2  decigrams)  accurately 
weighed.  (As  quinin  is  quite  expensive,  I  determined  to  experiment 
with  as  small  quantities  as  possible,  and  as  2  decigrams  gave  satisfac- 
tory results,  I  continued  to  adopt  that  quantity.)  The  weighed  quantity 
was  dissolved  in  a  little  water,  acidulated  with  two  drops  of  concen- 
trated sulphuric  acid,  and  diluted  to  50  c.c,  thoroughly  agitated,  and 
then  examined. 

The  instrument  used  for  the  following  observations  was  a  Duboscq 
saccharometer.  The  tube  of  the  instrument  (20  c.  c,  17^°  C.)  was 
thoroughly  washed  out  with  the  solution,  then  filled  and  examined,  giv- 
ing the  following  results  between  the  temperatures  of  17^°  and  24°  C, 
which  makes  a  very  convenient  field  for  observation  : 


Namic. 

Alkaloid. 

Sulphate 
of  the  Alkaloid. 

Muriate 
of  the  Alkaloid. 

Bi  sulphate 
of  the  Alkaloid. 

Quinin 

ir.4  Left. 

9°  Left. 

10°  Left. 

8°  Left. 

• 

Quinidin 

12°  Right. 

10°  Right. 

Cinchonin 

10°  Right. 

7°.5  Right. 

8°  Right. 

Cinchonidin.. 

7°  Left. 

6°. 5  Left. 

It  might  be  thought  at  first,  that  the  rotation  obtained  by  the  pro- 
cess  just  described  would  not  represent  the  true  rotation,  as  Bouchardat 
has  shown,  that  acids  increase  the  rotating  power ;  again,  that  in  the 
case  of  the  alkaloids  a  certain  amount  of  sulphate  would  be  formed, 
which  would  tend  to  diminish  the  rotation.     The  object  is  to  obtain  the 


♦  Ann.  Ch.  Phys.  [8]  IX,  218. 
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true  rotation  under  the  conditions  stipulated,  and  it  matters  not,  as  long 
as  the  rotations  are  constant,  what  the  rotation  would  be  under  different 
conditions.  Alcohol  has  always  been  used  to  obtain  the  solution  of  the 
alkaloids  for  examination ;  but,  as  I  find  acidulated  water  answers  the 
purpose  just  as  well,  and  is  considerably  less  expensive,  I  propose  to 
use  the  latter.  With  respect  to  the  instrument  used,  I  selected  the 
Duboscq  saccharometer,  as  I  have  more  occasion  to  use  that  instrument 
than  any  other ;  but  any  saccharometer  may  be  used,  provided  the 
proper  weight  of  alkaloid  is  taken.  If  the  Ventzke  instrument  is  used, 
it  becomes  necessary  to  weigh  out  .3184  gram  of  the  alkaloid  or 
sulphate  to  be  examined,  and  the  result  will  be  precisely  the  same. 
The  use  of  the  saccharometers  for  the  examination  is  very  convenient, 
as  these  instruments  are  in  more  common  use  amongst  chemists,  than 
polariscopes ;  the  latter  though  could  just  as  well  be  employed,  pro- 
vided a  tab]^  was  formed  for  comparisons,  as  in  the  above  case  this 
could  either  be  done  by  experiment  or  calculation. 

Referring  to  the  above  table,  it  will  be  seen  that  any  one  of  the 
alkaloids  or  sulphates  and  muriates  in  an  elementary  condition  can  be 
distinguished  at  once,  but  when  a  mixture  of  two  or  more  of  the  alka- 
loids is  examined,  the  task  becomes  more  difficult  and  only  possible 
under  certain  conditions. 

Before  proceeding  it  will  be  well  to  mention  some  of  the  substances 
used  to  adulterate  these  alkaloids.  Water  is  a  very  common  adulter- 
ant, and  MM.  Millon  and  Commaille*  have  shown  that,  when  the 
sulphate  of  quinin  is  placed  in  a  very  moist  atmosphere  at  62°  F.,  it 
will  take  up  a  large  percentage  of  water --in  two  cases  28.77  and  SH^/^ 
were  absorbed.  Salicin  is  also  employed,  and  sometimes  earthy  salts, 
also  gum,  starch,  and  fatty  matters.  The  more  expensive  alkaloids, 
quinin  and  quinidin,  are  also  adulterated  with  varying  proportions  of 
the  other  two. 

The  following  method  may  be  employed  for  the  examination  of  the 
members  of  the  quinin  group,  and  it  will  be  seen  by  the  use  of  their 
property  of  rotation,  many  valuable  indications  and  results  may  be 
obtained,  which  will  greatly  facilitate  the  examination. 

EXAMINATION    OF    A  SAMPLE   OF   UNKNOWN    COMPOSITION. 

A  portion  of  the  sample  to  be  examined  should  be  weighed,  dried 
thoroughly  at  100°  C,  then  weighed  again — the  loss  will  equal  the  ex- 
cess of  water. 

The  presence  of  salicin  in  quinin  may  be  readily  detected  by  con- 
centrated sulphuric  acid,  which  turns  it  red.f  To  1  part  of  the  suspected 

*  Jonrn.  de  Pharm.  Nov.  1862,  p.  879. 
t  Am.  Journ.  of  Pharm.  XVII,  1856. 
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salt  6  parts  of  sulphuric  acid  may  be  added,  and  then  125  parts  of 
water.  The  salioin  separates,  and  can  be  obtained  by  filtration  and 
weighed.  It  is  a  white  bitter  powder,  becoming  bright  red,  as  stated, 
with  concentrated  sulphuric  acid. 

If  the  alkaloids  are  adulterated  with  starch  or  fatty  bodies,  a  clear 
solution  cannot  be  obtained,  even  in  very  large  quantities  of  water. 

A  small  portion  should  be  tested  for  salts  or  earthy  matter  by  igni- 
tion on  a  platinum  foil.  If  a  residue  remains  other  than  carbon,  this 
should  be  examined  in  the  ordinary  way,  first  qualitatively,  then  quanti- 
tatively. If  sulphates  of  lime  or  other  sulphates  are  found  present, 
they  should  be  removed,  and  the  mass  then  tested  for  sulphuric  acid  by 
dissolving  the  same  in  a  little  water,  acidulated  with  hydrochloric  acid, 
and  then  testing  with  baric  chloride  in  the  usual  manner.  If  sulphuric 
acid  is  found,  it  is  known  that  the  substance  is  composed  of  sulphates ; 
it  becomes  necessary,  then,  to  test  the  substance  to  see  if  it  is  the 
sulphate  or  the  bisulphate.  Another  portion  should  be  tested  for 
hydrochloric  acid,  and,  if  found,  the  substance  is  composed  of  muriates 
of  the  alkaloids. 

Two  decigrams  of  the  carefully  dried  substance  is  then  accurately 
weighed,  if  the  Duboscq  instrument  is  to  be  used,  and  dissolved  in 
50  c.c.  of  water,  to  which  2  drops  of  concentrated  sulphuric  acid  has 
been  added.  The  solution,  after  being  thoroughly  agitated,  is  tested 
between  17^°  and  24°  G.  in  the  instrument.  If  the  solution  is  found  to 
be  composed  of  sulphates,  the  2d  column  is  referred  to ;  if  either  of 
the  other  salts,  their  respective  columns. 

Supposing  the  first  case  of  the  indication  of  the  instrument  is  9°  to 
the  left,  it  is  at  once  known  to  be  pure  sulphate  of  quinin  ;  if  less  than 
nine  and  more  than  6°. 5  lefl,  it  is  known  to  be  composed,  at  least 
partly,  of  quinin,  and  more  so  as  it  approaches  the  standard  9°  left. 
If  the  solution  indicates  10°  right,  then  it  is  definitely  known  to  be 
pure  quinidin ;  if  the  indication  is  less  than  10°  right  and  more  than 
7°.5  right,  the  solution  is  known  to  contain  some  quinidin  and  more  as 
it  approaches  its  standard  10°  right.  If  the  indication  of  the  instru- 
ment is  7°.'5  right  or  6°  .5  lefl,  the  supposition  is  that,  in  the  first  case, 
it  is  cinchonin,  and  in  the  second  cinchonidin  ;  but  nothing  definite  can 
be  obtained,  as  regards  these  two  indications,  until  further  experiments 
are  made,  for  they  may  be  owing  to  an  admixture  of  several  or  of  two 
of  the  alkaloid  sulphates ;  still  the  indications  possess  considerable 
value,  and  the  rapidity  with  which  the  examination  can  be  made  is,  of 
course,  an  advantage.  For  the  further  examination  of  the  substance  I 
have  carefully  prepared  the  following  table,  which  shows  the  deport- 
ment of  the  several  alkaloids  with  reagents  : 
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From  this  table  valuable  indica'tions  can  be  obtained,  especially 
from  the  column  containing  the  deportment  of  the  alkaloids  dissolved 
in  chlorine  water,  with  ammonia  and  with  ferrocyanide  of  potassium 
and  ammonia.  The  presence  of  cinchonia  may  be  demt)nstrated  by 
Liebig's  method  :  0.5  grams  of  the  salt  is  weighed,  and  added  to  5  grams 
of  ether ;  the  mixture  is  agitated,  and  1 . 5  grams  of  concentrated  am- 
monia added.  If  no  cinchonia  is  present,  two  liquid  layers  are  ob- 
tained ;  if  it  is  present,  a  layer  of  this  alkaloid  is  formed  directly  above 
the  ammonia.  The  amount  of  quinin  may  be  directly  determined  by 
decanting  and  evaporating  the  ethereal  solution,  and  weighing  the  re- 
sidue. Quinidin  is  also  precipitated  with  cinchonin  by  ether.  Its 
presence  may  be  demonstrated  by  dissolving  1  graip  of  the  sulphate  in 
30  grams  of  boiling  water,  and  adding  to  the  solution  ammonium 
oxalate.  Oxalate  of  quinidin  being  soluble,  alone  remains  in  solution, 
from  which,  on  filtering  and  adding  ammonia,  the  quinidin  may  be  pre- 
cipitated. 

The  above  test  for  cinchonin  has  been  modified  by  M.  O.  Henry,* 
by  heating  the  substance  first  with  ammonia,  so  as  to  drive  off  excess 
of  alkali  before  adding  the  ether,  cinchonin  being  slightly  soluble  in 
ammonia. 

M.  Rogers  f  has  also  found  that  25  grms.  of  ether  is  necessary  for 
the  solution  of  the  quinin  in  one  gram  of  the  sulphate,  while  10  grams 
of  ether  with  two  per  cent,  of  alcohol  will  produce  the  same  effect. 

Dr.  Wm.  Bird  Herapath's  test  for  the*  examination  of  the  alkaloids, 
together  or  separate,  becomes  quite  valuable  after  a  little  experience. 
It  consists  in  adding  carefully  drop  by  drop  to  a  solution  of  the  alka- 
loids, in  alcohol,  acidulated  with  sulphuric  or  acetic  acid  (10  pts.  alcohol 
and  yaoth  acid),  an  alcoholic  solution  of  iodine,  and  keeping  the  mixture 
at  130°  F.  until  perfect  solution  takes  place ;  upon  cooling  the  liquid, 
crystals  will  gradually  form.  In  the  case  of  quinin,  the  crystals  are 
called  herapathite,  and  are  emerald-green  when  viewed  by  reflected 
light,  but  almost  colorless  by  transmitted  light,  and  present  a  curious 
play  of  colors  under  various  circumstances  of  position.  They  polarize 
light,  in  which  property  they  are  equal,  if  not  superior,  to  tourmaline. 
100  parts  of  this  herapathite,  called  sulphate  of  iodo-quinin,  if  dried  on 
a  water  bath,  represent  50.5  parts  of  pure  quinin.  With  a  little  prac- 
tice, the  sulphate  of  iodo-quinin  can  be  distinguished  from  the  other 
salts  by  the  different  tint  with  reflected  and  transmitted  light.J 

Mr.  Walter  Stoddard  has  found  that,  if  a  drop  of  a  solution  of 


*  Journ.  de  Pharm.,  3e  aerie,  XII,  102;  XVI,  327;  XXT,  284. 

f  Jonrn.  de  PhRrm.,  Mors,  1862,  p.  204. 

X  See  Am.  Jouro.  Pbarm.,  May,  1858,  p.  246 ;  Phnrm.  Journ.,  March,  1858. 
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potassic  sulpho-cyanide  be  added  to  a  saturated  neutral  solution  of  the 
quinin  alkaloids,  crystals  of  sulpho  cyanide  of  the  alkaloids  form,  which 
can  be  readily  distinguished  one  from  the  other  under  the  microscope.* 

Mr.  Palen's  test  for  distinguishing  quinin  from  cinchonin  is  also 
quite  valuable.  If  a  solution  of  polysulphuret  of  potassium  is  added 
to  a  solution  of  these  alkaloids,  the  quinin  will  be  thrown  down  as  a  red 
viscid  mass,  which  hardens  on  cooling  and  assumes  a  resinous  appearance, 
whereas  cinchonin  is  separated  as  a  white  powder  containing  sulphur.f 

If,  after  a  thorough  investigation  of  the  substance  under  examina- 
tion only  cinchonin  or  cinchonidin  are  found,  the  percentage  of  these 
alkaloids  may  be  readily  calculated  from  the  indication  of  the  instru- 
ment, or  if  only  two  of  the  alkaloids  are  found,  the  percentage  of  each 
can  be  calculated  by  comparing  the  indication  of  the  instrument  with 
the  standard  rotation  of  each  alkaloid  as  given  in  the  table.  Combin- 
ing these  facts  with  those  previously  stated,  it  will  be  seen  that  the 
method  I  have  described  for  the  examination  of  the  alkaloids  of  the 
quinin  group  by  their  property  of  turning  the  plane  of  polarization,  be- 
comes quite  valuable,  as  determinations  can  be  made  by  this  process, 
in  most  cases,  in  the  space  of  fifteen  minutes,  or  even  less. 


XIV.— On  the  Estimation  of  Precipitated  or  Reduced  Phosphoric 

Acid  in  Superphosphates. 

BY  CHAS.  M.  STILLWELL.  A.  M. 

Within  the  past  few  years  the  manufacture  of  superphosphate  of 
lime  has  largely  increased.  In  all  first-class  manufactories  of  this  arti- 
cle, the  composition  of  the  materials  used  is  known,  and  the  manufacturer 
makes  up  his  goods  to  suit  the  varying  needs  of  his  customers.  It  is 
all-important,  then,  that  the  methods  of  analysis  used  by  chemists 
should  be  accurate  and  well  fitted  to  the  special  service  demanded  of 
them.  And  as  a  difference  of  half  a  per  cent,  will  in  some  cases  de- 
termine the  acceptance  or  rejection  of  a  superphosphate,  it  is  very  im- 
portant that  some  one  method  of  analysis  should  be  uniformly  adopted 
by  chemists,  especially  if,  in  certain  respects,  it  is  arbitrary  in  its 
nature. 


*  Pharm.  Jonro.,  Oct.,  1864,  p.  156 ;  Am.  Journ.  of  Pharm.,  Jao.,  1865. 
f  Jonrn.  de  Pharm.,  Mar.,  1864,  p.  459. 
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My  attention  was  first  drawn  to  the  subject  of  this  paper  by  differ- 
ences between  my  analyses  of  certain  superphosphates,  and  the  results 
obtained  by  others  from  duplicate  samples.  The  amount  of  insoluble 
phosphoric  acid  was  smaller  than  that  found  by  me,  hence  the  propor- 
tion of  precipitated  phosphoric  acid  was  proportionately  increased. 
This  difference  could  only  be  explained  on  the  supposition  that  a  differ- 
ent method  of  analysis  was  used.  It  seemed  desirable,  if  possible,  to 
examine  the  various  methods  in  use,  and,  through  the  medium  of  our 
society,  to  settle  upon  a  uniform  plan  which  should  be  the  standard.  I 
therefore  sent  a  circular  to  each  of  the  following  chemists,  asking  for 

such  information : 

• 

W.  O.  Atwatbr,  Middletown,  Conn. 

B.  P.  Blanpibd,  Dartmouth  Agric.  Col.,  Hanover,  N.  H. 

C.  Elton  Buck,  Wilmington,  Del. 

G.  C.  Caldwell,  Cornell  Univ.,  Ithaca,  N.  Y. 
C.  F.  Chandlkr,  Columbia  Col.,  N.  Y. 

F.  A.  Genth,  Univ.  Pennsylvania,  Phila.,  Pa. 
C.  A.  GoEBSMANN,  Amhcrst,  Mass. 

S.  A.  Goldsohmidt,  School  of  Mines,  Columbia  Col.,  N.  Y. 

W.  M.  Habirshaw,  New  York. 

S.  W.  Johnson,  New  Haven,  Conn. 

R.  C.  Kedzie,  Agric.  Col.,  Lansing,  Mich. 

W.  K.  Kedzie,  Agric.  Col.,  Manhattan,  Kansas. 

W.  J.  Land,  Atlanta,  Ga. 

A.  R.  Ledouz,  Agric.  Exp.  Station,  Chapel  Hill,  N.  C. 

G.  A.  LiEBio,  Patapsco  Guano  Co.,  Bait.,  Md. 

W.  McMuRTRiE,  Dept.  of  Agric,  Washington,  D.  C. 

A.  Means,  Newton  Co.,  Oxford,  Ga. 
J.  M.  Merrick,  Boston,  Mass. 

Chas.  U.  Shepard,  Jr.,  Charleston,  S.  C. 

S.  P.  Sharples,  Boston,  Mass. 

W.  Simon,  College  of  Phar.,  Bait.,  Md. 

B.  Terne,  Phila.,  Pa. 

T.  R.  Wolf,  Delaware  Col.,  Newark,  Del. 

Several  of  these  gentlemen,  in  their  replies,  express  their  satisfaction 
that  this  subject  is  to  be  brought  before  the  society  ;  and  state  their 
willingness  to  use  whatever  method  seems  best. 

The  following  chemists  sent  answers  as  to  the  previous  treatment 
for  soluble  phosphoric  acid  ;  the  nature,  amount,  and  sp.  gr.  of  solvent 
used  ;  and  the  time  and  the  temperature  of  digestion : 
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Solvent. 

Sp.gr. 

No.  of 

CC. 

to  1  gm. 

Sol. 

phosph. 

acid 

previously 

removed  f 

Time  of 

diffesdon 

Inmln. 

*W.  0.  Atwater 

Am.  citrate 

1.09 

60 

Yes 

80 

•F.  A.Genth 

1.09 

60 

Yes 

80 

C.  A.  Goessmann  . . 

1.09 

20 

Yes 

80 

*S.  W.  Johnson 

** 

1.09 

60 

Yes 

80 

♦J.  M.  Merrick 

1.09 

60 

Yes 

80 

8.  P.  Sharpies 

1.09 

10 

Yea 

30 

fC.  U.  Shepard,Jr... 
C.  M.  Stillwell. . .  -j 

'   1.09 
1.09 
1.09 

76 

60 

100 

Yes 
Yes 
No 

80 
80 
SO 

G.  C.  CaldwoU 

(( 

1.09 

60 

Yes 

80 

*S.  A.  Goldschmidt. . 

1.09 

60 

Yes 

46 

A.  R.  Ledoux 

1.09 

60 

No 

90 

G.  A.  Liebig 

" 

1.09 

100 

Yes 

60 

W.  Simon 

1.09 

100 

Yes 

60 

C.  E.  Buck 

1   20 

60 

Yes 

6h. 

W.  M.  Habirshaw. . 

" 

1.09 

1         60 

Yes 

86h, 

IB.  Terne 

Am.tart.alk 

1.09 

1         40 

Yes 

1  to  2h. 

W.J.  Land 

Am.  oxalate 

1  gm. 

76 

•   •   •   • 

Ih. 

T.  R.  Wolf 

I* 

1  gm. 

60 

Yes 

Ih. 

■Temp,  of 
dlgesdoD. 


80-40'= 

80-85' 

33-38' 

80-40'^ 

80-40^ 

80-40' 

40^ 

40" 

•       65' 

80-90' 

90' 

70" 

90* 

90^' 

90° 

Temp.ofair 

20-80" 

2V 

100 


Prof.  Caldwell  writes  that  he  has  made  some  trials  of  the  ammonium 
tartrate  method  with  satisfactory  results. 

Dr.  Wolf  writes  that  the  ammonium  oxalate  method  gives  satisfac- 
tory results,  if  the  operations  are  conducted  in  precisely  the  same 
manner  in  all  cases,  but  that  the  results  are  a  little  too  high,  on  account 
of  the  decomposition  of  the  insoluble  phosphate.  In  future  he  intends 
to  adopt  the  ammonium  citrate  method. 

I  have  found  that  the  difierence  between  two  determinations  made 
by  the  two  methods  used  by  me  is  rarely  over  two-tenths  of  one  per 
cent.  A  small  gain  in  time  is  made  by  not  removing  the  soluble  phos- 
phoric acid.  Sometimes  I  use  both  for  the  same  sample,  and  take  the 
average  result  of  the  insoluble  found.  A  flat,  shallow  pan,  covered 
with  a  zinc  plate,  pierced  with  holes  for  the  small  beakers,  is  used. 
This  contains  a  comparatively  large  bulk  of  water,  and  is  easily  kept  at 
any  required  temperature.  Watch  glasses  on  the  beakers  prevent  all 
loss  by  evaporation. 

An  examinatiqn  of  the  above  table  will  show  that  the  main  differ- 
ences ill  the  use  of  the  am.  citrate  method  are  in  the  time  and  tempera- 


•Fres.  Zeit.,  1871,  p.  168. 

f  See  article  "  On  the  so-called  '  Reduced  *  phosphate  and  the  valoation  of  old 
Commercial  Fertllixers,"  Amer.  Chemist,  vol.  3,  p.  264. 
X  Fres.  Zelt,,  1877,  p.  182. 
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ture  of  digestion.  A  difference  of  10°  or  15**  in  temperature  will  not 
make  much  difference,  if  the  digestion  is  continued  for  half  an  hour, 
but  if  the  quantity  of  solvent  is  increased,  together  with  a  large  in- 
crease of  time  and  temperature,  the  insoluble  phosphate  will  be  strongly 
acted  upon. 

The  original  method  of  Fresenius,  Neubauer,  and  Lack  is  already 
the  standard  in  several  of  the  State  agricultural  experiment  stations, 
and  is  also  used  by  other  chemists  who  largely  analyze  fertilizers.  I 
therefore  recommend  that  this  method  be  made  the  standard  one  for 
this  country,  and  that  it  be  used  by  all  the  chemists  of  our  society  who 
are  called  upon  to  analyze  this  class  of  articles.  There  will  probably 
be  some  slight  difficulty  at  first  in  its  adoption,  because  of  the  smaller 
amount  of  insoluble  previously  found  by  those  who  have  used  high 
temperatures.  Manufacturers  will  not  understand  why  the  insoluble 
should  be  higher,  and  the  precipitated  phosphate  lower  than  it  has  been 
in  their  superphosphates.  But  this  difficulty  would  soon  correct  itself 
if  all  analyses  are  made  in  the  same  manner.  It  needs  only  concerted 
action  on  our  part  to  place  this  matter  of  precipitated  phosphoric  acid 
on  a  much  more  satisfactory  footing  than  it  has  hitherto  had  in  this 
country.  In  brief,  the  method  is  the  previous  removal  of  the  soluble 
phosphoric  acid  by  cold  water  ;  the  digestion  of  the  residue  in  a  solu- 
tion of  ammonium  citrate  of  1.09  sp.  gr.,  using  at  the  ratio  of  50  cc.  to 
1  gm.  superphosphate;  and  a  digestion  for  30  minutes  at  a  temperatnre 
of  36°  to  40°  C. 

A  few  words  may  perhaps  be  of  interest  as  to  the  sampling  and 
preparation  for  analysis  of  superphospnates.  One  constant  source  of 
error  and  differences  between  so-called  duplicate  samples  is,  that  they 
are  not  always  received  in  air-tight  tins  or  bottles.  A  sample  may  be 
sent  in  a  bottle  to  one  chemist,  and  its  duplicate  sent  in  a  newspaper  or 
a  paper  box  to  another  chemist,  and  it  is  expected  that  the  results  will 
check  each  other !  When  a  superphosphate  contains  from  20  to  25  or 
more  per  cent,  of  moisture — as  many  now  do— it  will  easily  lose  3  or 
4  per  cent,  if  kept  in  a  paper  for  a  short  time.  The  percentage  amounts 
of  the  ingredients  determined  are  hence  proportionately  increased.  This 
whole  matter  of  keeping  samples  cannot  be  too  carefully  watched.  In 
my  opinion,  it  is  very  difficult,  if  not  impossible,  to  so  thoroughly  mix 
such  a  wet  superphosphate  that  one  or  two  grammes  will  be  a  fair 
average  for  analysis.  Some  samples,  if  an  attempt  is  made  to  powder 
them,  will  become  pasty  ;  others  ball  together.  The  mechanical  con- 
dition of  others  is  another  hindrance.  If  much  time  is  taken  for  this 
purpose,  the  sample  will  inevitably  lose  in  moisture,  and  so  increase 
the  results  obtained.  I  have  had  samples,  duplicate  analyses  of  which 
by  other  chemists  showed  less  moisture  and  more  phosphoric  acid  and 
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ammonia,  but  when  calculated  on  a  dry  basis  the  results  were  almost 
identical.  A  superphosphate  with  only  5  or  10  per  cent,  of  moisture 
might  be  sampled  without  much  error. 

The  following  plan  for  the  analysis  of  superphosphates  was  adopted 
some  years  ago  by  my  late  partner,  Dr.  Walz.  With  a  few  improve- 
ments made  by  myself  during  the  last  two  years,  it  has  been  used  with 
the  best  results.  An  average  sample  of  the  superphosphate  obtained 
is  quickly  taken,  the  lumps  roughly  broken  in  a  mortar,  and  the  whole 
average  bottled.  This  is  done  in  about  a  minute's  time,  and  the  sample 
thus  obtained  is  tested  for  moisture,  using  10  or  15  gms.,  thus  giving 
the  moisture  of  the  original  sample.  An  average  of  the  remainder, 
varying  in  size  up  to  half  a  pound  or  more,  according  to  circumstances, 
is  taken  and  dried  on  tin  in  a  water  bath.  From  time  to  time  the  lumps 
are  broken  as  it  dries ;  it  is  perhaps  sifted  once  or  twice,  and  a  smaller 
average  sample  taken,  until  the  final  dry  sample  is  powdered  and  sifted 
through  a  sieve  of  100  meshes  to  the  inch.  One-fourth  of  a  gramme  of 
the  dry  average  thus  obtained  is  a  much  better  average  of  the  large 
wet  sample,  than  one  gramme  or  more  of  the  original  would  be.  The 
moisture  in  the  dry  sample  is  always  determined,  since  it  is  rarely  nec- 
essary to  perfectly  dry  the  superphosphate  in  order  to  powder  it.  Be- 
sides, it  will  not  do  to  leave  anything  to  chance,  and  2  or  3  per  cent,  of 
moisture  in  the  dried  sample  might  make  a  difference  of  half  a  percent, 
sometimes  in  the  results.  The  percentages  of  the  substances  obtained 
from  the  dried  sample  are  calculated  to  a  perfectly  dry  basis,  and  then 
again  calculated  to  the  wet  state,  using  the  percents  of  moisture  in  the 
original  and  dried  samples.  In  two  trials  for  ammonia  made  by  me, 
using  one-half  aigramme  of  the  dried  and  4  grammes  of  the  wet  super- 
phosphate, the  difference  between  the  two  duplicates  of  each  set  was 
0.06  and  0.05  per  cent.  Of  course,  if  volatile  ammoniacal  salts  are 
present,  this  plan  could  not  be  used. 

This  method  of  determining  the  moisture  in  the  original  sample,  and 
again  in  the  sample  prepared  for  analysis,  is  of  great  use,  especially  in 
the  analysis  of  fertilizers,  since  some  samples  of  blood,  meat,  tankage, 
&c.,  may  lose  2  or  3  percent,  of  moisture  while  being  powdered. 

I  was  told  by  a  manufacturer  that  a  superphosphate  made  from  apa- 
tite could  not  be  dried  without  changing  the  soluble  phosphate  into  the 
insoluble.  In  the  only  trial  I  was  enabled  to  make,  this  did  not  prove 
to  be  the  fact.  The  superphosphate  was  dried  for  a  longer  time  than 
usual,  until  it  was  perfectly  dry.  The  soluble  phosphoric  acid  deter- 
mined from  one-fourth  of  a  gramme  of  the  dried,  and  two  grammes  of  the 
wet  sample,  differed  only  0.13  per  cent.,  a  difference  which  I  attribute 
as  much  to  the  imperfect  average  obtained  from  the  wet  sample  as  to 
the  inaccuracy  of  the  analysis. 
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XV. — PROCEEDmGS. 
Regular  Meeting ^  May  2dy  1878. 

Vice-Pkesident  Casaraajor  in  the  chair.  In  the  absence  of 
the  Secretary,  Mr.  W.  Shapleigh  was  appointed  Secretary  ^ro  tern. 
The  minutes  of  the  last  meeting  were  read  and  adopted. 

The  following  were  elected  : 

Members — E.  E.  Calder,  Dr.  Luthy. 

Associates — E.  D.  Weston,  D.  D.  Williamson. 

Prof.  Leeds  read  a  paper :  "  On  the  Estimation  of  Combined 
Carbon  in  Iron  and  Steel." 

In  the  discussion,  that  followed,  several  members  mentioned 
the  difficulty  they  had  experienced  in  obtaining  tubes  of  uniform 
bore,  for  use  in  the  construction  of  the  apparatus  mentioned  by 
Prof.  Leeds  for  the  application  of  his  color  test.  He  recom- 
mended Messrs.  Whitall,  Tatum  &  Co.,  46  Banclay  st. 

Mr.  E.  H.  S.  Bailey's  paper,  "  On  some  Crystals  obtained  in 
the  manufacture  of  Chrome  Alum,"  was  withdrawn  for  further 
research. 

A  paper  on  "Blowpipe  Experiments  upon  Chloride,  Bromide 
and  Iodide  of  Silver,  by  M.  W.  lies,"  was  read. 

Mr.  P.  Casamajor  read  a  paper  on  "  Blowpipe  Implements,'^ 
and  exhibited  a  compact  portable  lamp  with  crucible  stand  com- 
bined ;  also  stearine  candles  covered  with  tin  foil  to  prevent  the. 
rapid  and  irregular  melting  when  used  in  blowpipe  analyses. 

A  letter  from  Mr.  lies  was  read,  requesting  that  the  title  of  a 
previous  paper  should  read  :  "  On  the  Oxidation  of  Xylenesul- 
phonic  Acid.  By  Malvern  W.  lies,  Ph.D.,  and  Prof.  Ira  Remsen." 

Also  a  letter  from  Prof.  Egleston,  inviting  the  American 
Chemical  Society  to  send  two  representatives  to  join  a  committee 
consisting  of  members  from  the  leading  scientific  societies  of  New 
York,  which  has  been  appointed  to  prepare  a  bill  to  make  the 
adulteration  of  food  and  medicine  a  penal  oflFense. 

The  Vice-President  was  authorized  to  select  a  committee. 
Prof.  H.  Morton  and  Dr.  E.  Waller  were  appointed  as  represen- 
tatives. 

Dr.  Chandler  presented  a  resolution.  That  the  Society  request 
the  Board  of  Directors  to  have  all  the  papers  already  presented 
and  accepted  by  the  Committee  on  Papers  and  Publication,  at 
once  published.     Carried. 
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A  motion  was  made,  To  present  the  thanks  of  the  Society  to 
the  Committee  on  Conversazione  for  the  satisfactory  and  agreeable 
arrangements  they  made  for  the  celebration  of  the  second  anni- 
versary of  the  Society.    Carried. 

The  following  were  proposed  : 

As  members — Charles  Johnson,  Staten  Island ;  1.  B.  Mcintosh, 
E.M.,  Hoboken,  N.  J. ;  Lewis  S.  Ware,  A.  O.  Jenks,  Jersey  City. 

As  associates — Charles  Moran,  Henry  Bowers,  Philadelphia. 

Dr.  Chandler  exhibited  a  number  of  chemical  curiosities,  in- 
cluding : 

1st.  Some  of  the  gelatin  films  and  lead  plates  used  for  repro- 
ducing pictures  by  the  Woodbery  type  process.  The  gelatin  films 
are  produced  by  exposing  sheets  of  gelatin  sensitized  by  bichrom- 
ate of  potassa  under  ordinary  glass  negatives.  By  the  application 
of  warm  water  the  unchanged  and  protected  portions  of  the  gelatin 
are  removed,  and  the  dried  film  thus  obtained,  which  is  a  picture 
in  relief,  is  forced  oy  hydraulic  pressure  into  a  thick  sheet  of  lead. 
The  lead  plate,  which  is  an  intaglio,  is  then  flooded  with  warm 
gelatin  solution,  holding  a  pigment  in  suspension,  and  by  placing 
a  sheet  of  paper  or  glass  upon  it,  and  applying  a  gentle  pressure, 
there  is  obtained  a  gelatin  picture,  which  is  subsequently  hardened 
by  a  solution  of  alum.  Films,  lead  plates,  and  an  interesting 
series  of  pictures  upon  paper  by  this  process  were  exhibited. 

2d.  Alberttypes,  printed  in  colors  by  Albert,  of  Munich,  were 
shown.  These  are  obtained  by  taking  first  a  negative  of  the  blue 
parts  of  a  picture,  by  the  use  of  a  screen  of  colored  liquid  exclud- 
ing the  other  colors  from  the  camera.  From  this  negative  an 
Alberttype  plate  of  gelatin  is  produced,  and  with  blue  ink  (printer's 
ink)  the  blue  parts  of  the  picture  are  printed  upon  paper  in  the 
printing  press.  A  similar  negative  is  produced  of  the  red  parts  of 
the  picture,  and  printed  in  red  ink ;  and  another  of  the  yellow 
parts,  &c.,  &c.  There  is  thus  produced  a  chromo- Alberttype,  which 
differs  from  the  ordinary  chromo-lithograph  in  the  fact,  that  the 
surface,  from  which  the  printing  is  executed,  is  produced  by  the  aid 
of  photography.  Of  the  pictures  exhibited,  one  was  a  copy  of  an 
oil  painting,  and  the  other  a  picture  of  several  pieces  of  bright 
colored  wall  papers,  which  were  hung  before  the  camera. 

3d.  A  polished  section  of  a  meteorite  from  the  desert  of  Ata- 
cama,  Peru. 

Adjourned. 

W.  SHAPLEIGII, 

Recording  Secretary  pro  tern. 
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XVI. — Alkalinity  oh  Acidity  of  Potablk  Waibrb. 
BT   AI.BBKT   R.   LEEDS. 

Thb  color-comparator,  described  in  the  Proceedings  of  this  Society, 
vol.  II,  maj  likewise  be  employed  advantageously  to  make  a  quantita- 
tive estimntioD  of  the  degree  of  alkalinity  or  acidity  of  potable  waters. 
This  point,  in  the  analysis  of  drinking  waters,  does  not  appear  to  have 
attracted  much   att«ntionj  probably   because   these   waters   are,  as  a 
general  rule,  so  nearly  neutral,  that  they  do  not  react  alkaline  or  acid 
with  the  tests  in  general  use.     In  the  American  Chemist  for  March, 
1674, 1  have  called  attention  to  the  great  sensitiveness  of  an  alcoholic 
solution  of  alizarine  in  this  respect,  and  proposed  to  employ  it  as  a 
means  of  comparing  the  alkalinity  of  drinking  waters  obtained  from 
various  sources.     This  may  be  done  very  rapidly  by  means  of  the  color- 
comparator.     One  comparison 
tube  is  filled  to  the  100  oc. 
mark  with  the  water  to  he 
tested,  and  a  second  with  water 
redistilled,  until  it  has  ceased 
to  give  any  reaction  for  am- 
monia.    5  drops  of  alizarin 
solution  are  added  to  each,  and 
then  an  antinormal  soda  solu- 
tion run  in,  if,  as  is  generally 
the  ease,  the  water  reacts  al- 
kaline, until  the  liquid  in  both 
tubes  has  precisely  the  same 
tinge  of  red  color.    The  amount 
^  of  alkali  added  may  be  taken 
^  as  an  index  of  the  total  alkalin- 
ity communicated  by  the  vari- 
coLOK-oouPARATOR.  ^mg  Saline  bodies  held  in  solu- 

tion. Thus,  on  April  30th,  100  c.c.  of  the  Passaic  wtiter,  as  drawn 
from  the  laboratory  hydrant,  acquired  the  same  tint,  when  alizarin  was 
added  to  it  until  the  color  no  longer  deepened,  as  100  c.c.  pure  water 
to  which  the  same  amount  of  alizarine  and  0.00068  grm.  soda  had  been 
added.  Of  ordinary  distilled  water  100  c.c.  was  equivalent  to  0.0003 
grm.  soda.  This  is  not  very  far  different  from  the  amount  which  would 
be  equivalent  to  the  ammonia  contained  in  ordinary  distilled  water,  as 
determined  by  the  Nessler  reagent. 

An  attempt  was  made  to  substitute  a  solution  of  phenolpht&lein  for 
alizarine  in  these  estimations.    But  there  was  no  perceptible  reddening 
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when  phenolphtalein,  in  amounts  considerably  greater  than  those,  which 
would  correspond  to  the  alizarine  employed  above,  was  added  to  similar 
samples.  Phenolphtalein  is  far  less  sensitive  than  alizarine,  and  for 
such  purposes  is  inapplicable.  In  titrating  with  alkali,  however,  it  has 
an  advantage  over  alizarine  in  the  following  respect :  The  latter  changes 
very  gradually  through  various  shades  of  yellow-red  to  a  red  of  differ- 
ent degrees  of  intensity.  The  red  tint,  imparted  by  alizarine,  there- 
fore, does  not  mark  the  endreaction  very  satisfactorily,  and  it  is  safer 
to  titrate  back  with  acid  until  the  red  tint  has  disappeared.  With 
phenolphtalein  the  transition  from  a  colorless  solution,  when  a  normal 
soda  solution  is  added,  to  red  is  abrupt  and  positive.  It  is  rather  a 
matter  of  surprise  to  me  that  alizarine,  as  an  indicator  in  titrations  and 
for  test  paper,  has  not  come  into  general  use ;  in  this  laboratory  it  has 
been  in  constant  employment  for  the  past  three  years. 

ESTIMATION    OF   COMBINED   CARBON   IN   IRON   AKD   STEEL   WITH   THE 

CO  LOR- COMPARATOR. 

It  is  well  known  that  when  iron  and  steel  are  dissolved  in  nitric 
acid,  the  solution  acquires  a  color,  which  is  more  or  less  brown  in  pro- 
portion to  the  amount  of  combined  carbon  present,  and  that  a  very 
ingenious  method  of  carbon  determinations  was  based  by  Eggertz  upon 
this  property.  He  obtained  a  standard  tint  by  the  solution  of  a  sample 
containing  a  known  amount  of  carbon,  from  which,  by  comparison  of 
the  depth  of  coloration,  the  percentages  of  carbon  in  other  samples 
could  be  estimated. 

His  process  has  been  variously  modified,  more  especially  by  the 
substitution  of  a  number  of  standard  solutions,  corresponding  to  vari- 
ous carbon  percentages,  in  place  of  the  one  standard  solution.* 

In  this  case,  as  the  solution  of  the  metal  in  acid  does  not  preserve 
its  tint  for  any  length  of  time,  the  standard  solutions  are  usually  made 
of  some  coloring  matter  like  caramel.  A  number  of  test  tubes  are 
arranged  in  a  convenient  rack,  and  filled  with  solutions,  beginning  with 
a  color  corresponding  exactly  with  that  produced  by  the  solution  of  1 
grm.  of  iron  containing  0.02  per  cent,  of  combined  carbon  in  15  c.c.  of 
nitric  acid  of  sp.  gr.  1.20,  and  ending  with  a  color  corresponding  to  a 
similar  iron  dissolved  in  like  manner,  but  containing  0.30  per  cent,  of 
combined  carbon. 

Instead  of  a  series  of  separate  tubes,  varying  in  color  by  an  amount 
corresponding  to  0.02  per  cent,  of  carbon,  it  is  proposed  to  use  a  prism, 
filled  with  solution  of  caramel,  or,  as  Britton  has  proposed,  with  a  solu- 
tion obtained  by  digesting  roasted  coffee  in  dilute  spirit,  and  of  such 


♦  J.  Blodgett  Britton,  Journal  Franklin  Institute  [8],  vol.  LIX,  p.  866. 
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strength  as  will  represent  every  percentage  between  the  points  most 
frequently  to  be  determined.  1  grm.  of  wrought  iron  or  steel,  in 
which  the  percentage  of  combined  carbon  has  previously  been  deter- 
mined with  great  accuracy,  is  digested  with  15  c.c.  dilute  nitric  acid  at 
80°  for  half  an  hour.  The  residue  is  gently  heated  over  a  lamp  with 
5  c.c.  fresh  acid,  the  solution  added  to  the  main  portion,  and  filtered 
through  a  small  asbestos  filter.  From  the  filtrate,  a  series  of  solutions 
is  prepared,  each  reaching  to  the  50  c.c.  mark  in  the  comparison  tubes, 
and  each  exactly  half  the  strength  as  the  one  preceding.  These  tubes 
are  then  placed  in  the  comparator,  and  the  points  on  the  prism,  which 
transmit  identical  tints  of  color  are  carefully  noted,  and  transferred  to 
an  application  scale.  1  grm.  of  the  sample  to  be  analyzed  is  dissolved 
in  like  manner,  the  filtrate  made  up  to  50  c.c.  in  the  comparison « tube, 
and  then  the  prism  is  moved  out  or  in,  until  it  gives  the  same  tint  of 
color.  The  percentage,  as  marked  on  the  application  scale  correspond- 
ing to  this  point,  is  the  percentage  of  combined  carbon  in  the  sample 
under  analysis. 

If  the  percentage  of  carbon  in  the  sample  exceeds  that  indicated  by 
the  prism,  a  correspondingly  less  amount  of  the  sample  is  to  be  brought 
into  solution. 

To  illustrate  the  method,  the  following  details  are  given : 
A  prism  10  in.  long,  with  a  suitable  caramel  solution,  was  provided 
in  the  manner  stated,  with  an  application  scale  graduated  from  0.00  to 
0.24  p.  c.  carbon.  Upon  a  scale  of  this  length,  the  intermediate  per- 
centages could  readily  be  obtained  by  interpolation.  The  graduation 
was  not  carried  higher  than  0.24  per  cent.,  because  larger  amounts  of 
combined  carbon  gave  tints  of  color  too  deep  to  allow  of  slight  differ- 
ences in  tint  being  recognized  by  the  eye  with  certainty.  A  direct 
comparison  with  a  series  of  steels,  in  which  the  amount  of  total  carbon 
{column  II)  had  been  determined  by  combustion,  gave  the  following  re- 
sult (column  I) : 

COLUMN  I.  COLUMN  II. 
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Without  attempting  to  explain  the  discrepancies  between  these 
figures,  the  number  of  correspondences  was  thought  sufficient  to  war- 
rant the  publication  of  the  method,  and  to  give  the  hope  that,  with 
further  trial,  it  might  prove  rapid  and  accurate  within  the  required 
limits.  My  thanks  are  due  to  my  assistant,  Dr.  Geo.  A.  Prochazki, 
for  his  aid  in  making  the  foregoing  determinations. 

Stevens  Institute  of  Teciinoloot,  May  2d,  1878. 


XVn. — Blow-pipe  Experiments  upon  Chloride,  Bromide,  and  Iodidk 

OF  Silver. 

BY  MALVERN  W.  ILES. 

These  experiments  were  made  with  a  view  to  find  some  easy  and 
reliable  method  for  the  detection  of  chlorine  in  the  presence  of  bromine 
and  iodine.  The  methods  at  present  employed  I  regard  as  very  faulty, 
and  the  one,  upon  which  chief  reliance  is  placed  (chloro-chromic  acid 
method),  is  quite  troublesome  and  difficult  to  perform,  and  is  not  at  all 
delicate. 

In  the  regular  course  of  quantitative  analysis,  the  second  thing,  that 
is  done  in  the  examination  for  acids,  is  the  addition  of  silver  nitrate ; 
if  there  is  a  precipitate  formed,  insoluble  in  nitric  acid,  we  conclude  at 
once  we  may  have  chlorine,  bromine,  iodine,  cyanogen,  ferro-  or  ferri- 
cyanogen,  one  or  all.  Making  the  supposition,  that  all  are  present^ 
everything  can  be  detected,  with  a  reasonable  amount  of  care,  quite 
readily,  except  chlorine,  which  will  ^  invariably  be  the  element,  that 
causes  a  doubt  in  the  mind  of  the  analyst 

Owing  to  the  insolubility  of  the  haloid  salts  of  silver,  and  their  de* 
portment  towards  foreign  bodies,  and  the  action  of  light  upon  these 
salts,  I  was  led  to  the  use  of  pure  chloride,  bromide,  and  iodide  of 
silver. 

These  salts  were  successively  treated  in  a  loop  of  platinum  wire, 
heated  with  the  blow-pipe,  and  observations  made  with  the  beads  them- 
selves,  and  also  the  coating  deposited  upon  glass,  porcelain,  and  various 
papers,  when  held  in  proximity  to  the  beads. 

Chloride  of  silver. 
This  salt  fuses  upon  a  platinum  wire  before  the  blow-pipe,  or  in  the 
fiame  of  the  Bunsen  burner,  to  a  red,  waxy  mass ;  on  the  instant  it  is 
withdrawn  from  the  fiame  it  is  red,  soon  changing  yellowish  red  while 
hot ;  constantly  lightens,  and  finally,  when  cool,  it  is  almost  colorless. 
When  heated  for  some  time  in  the  oxidizing  fiame,  metallic  silver  will 
be  formed,  which  is  occasionally  thrown  ofiT  in  fine  particles.     A  faint 
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blue  oolor  is  noticed  immediately  around  the  bead,  when  heated  before 
the  blow-pipe.  On  strongly  heating  in  the  oxidizing  flame,  a  brown 
vapor  was  noticed,  which  is  in  all  probability  oxide  of  silver. 

Iodide  of  silver. 

This  fuses  on  a  platinum  wire  to  a  dark  red  bead,  beoomes  yellowish 
while  cooling,  and  when  perfectly  cold  is  almost  colorless.  A  deeper 
blue  flame  is  noticed  around  the  bead,  when  strongly  heated,  than  when 
chloride  of  silver  is  thus  treated. 

There  was  also  noticed  a  light  blue  vapor  of  a  peculiar  odor. 

In  this  procedure  not  only  is  iodide  of  silver  volatilized,  but  there 
is  also  a  liberation  of  free  iodine,  which  was  proven  by  allowing  the 
fumes  to  come  in  contact  with  starch  paper. 

Bromide  of  silver. 

This  fuses  to  a  blood  red  bead,  somewhat  redder  than  chloride  of 
silver*  under  similar  treatment.  A  light  blue  color  is  noticed  imme- 
diately around  the  bead,  and  there  is  also  formed  an  indistinct  bluish 
vapor. 

It  occurred  to  me  that  it  might  be  possible  to  condense,  or  in  some 
way  to  cause  the  vapor  of  the  haloid  salts  of  silver  to  manifest  charac- 
teristic and  distinguishing  actions,  either  upon  cold  surfaces  or  upon 
certain  papers.  I  accordingly  prepared  a  very  large  number  of  test 
papers,  made  by  taking  ordinary  filter  paper  and  immersing  in  concen- 
trated solutions  of  various  salts ;  the  moistened  paper  was  then  placed 
on  the  inner  surface  of  large,  convex  glass  covers  (about  3  to  4  in.  in 
diam.),  and  resting  upon  any  suitable  support  at  an  angle  of  35^.  (A 
common  wooden  filtering  stand,  with  a  wire  attached  to  support  the  in- 
clined cover,  was  found  to  be  a  convenient  support.)  The  vapor  from 
the  chloride,  bromide,  or  iodide  of  silver  was  caused  to  come  in  contact 
with  these  papers,  by  blowing  strongly  with  the  reducing  flame  upon  a 
globule  of  the  silver  salt  in  a  platinum  loop.  In  no  case  was  there 
sufficiently  sharp  and  characteristic  reactions  to  enable  one  to  base  a 
test  for  chlorine  in  the  presence  of  bromine  and  iodine,  although  in  a 
number  of  cases  positive  results  were  obtained.  By  the  use  of  these 
papers  the  general  result  reached  showed  that  chloride  of  silver  gives  a 
beautiful  red  tint,  iodide  of  silver  gives  a  distinct  yellow  tint,  while  the 
bromide  of  silver  either  gives  negative  results,  or  a  faint  white  tint. 

From  these  observations  it  can  readily  be  seen  that  a  large  amount 
of  chlorine  can  be  detected  in  the  presence  of  bromine  and  iodine ; 
also  that  a  small  amount  of  chlorine  can  be  detected  in  the  presence  of 
a  large  amount  of  bromine.  Furthermore  that  an  appreciable  amount 
of  iodine  can  be  readily  detected  by  the  blow-pipe,  in  the  presence  of 
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chlorine  and  bromine.  When  the  vapor  is  allo\?ed  to  condense  upon 
moistened  filter  paper,  I  found  it  best  not  to  allow  the  point  of  the 
oxidizing  flame  to  come  in  direct  contact  with  the  bead,  nor  should  the 
platinum  loop  be  held  too  closely  to  the  paper. 

When  only  chloride  of  silver  is  used,  there  is  noticed  first  a  faint 
rose  tint,  which  gradually  increases  in  intensity  to  a  very  dark  red 
spot,  bounded  by  a  gradually  lessening  tint  of  red.  It  was  noticed 
that  the  red  tint  produced  by  AgCl  readily  darkens  in  the  sunlight, 
and  gradually  in  diffused  light ;  but  the  yellow  tint  produced  by  Agl 
remains  permanent  several  days  in  diffused  light. 

A  mixture  of  50  p.  c.  each  of  AgCl  and  AgBr  gave  a  distinct  red 
tint.  A  mixture  of  50  p.  c.  each  of  AgCl  and  Agl  gave  only  a  yellow 
tint — not  a  trace  of  red  was  visible.  In  a  mixture  containing  a  very 
large  amount  of  bromide  of  silver  and  a  small  amount  of  iodide  of 
silver,  a  distinct  yellow  tint  was  perceptible,  proving  the  presence  of 
iodine. 

When  the  vapor  from  chloride  of  silver  is  allowed  to  deposit  upon 
glass,  there  is  seen  chiefly  a  red  spot,  most  intense  in  the  center, 
bounded  by  a  very  faint  tinge  of  yellow,  which  tint  is  not  perceptible 
when  one  looks  directly  through  the  glass,  but  is  distinctly  seen  when 
the  glass  is  held  at  an  obtuse  angle.  The  yellow  tint  changes  to  a  red 
upon  exposure  to  light,  and  the  entire  spot  assumes  a  much  darker  red 
tint. 

The  lemon-yellow  tint  produced  upon  glass  by  the  vapor  of  iodide 
of  silver  is  most  intense  when  warm,  gradually  changing  to  a  light 
yellow  upon  cooling.  The  yellow  coating  is  quite  permanent  when 
exposed  to  light.  It  is  difficult  to  say,  whether  the  yellow  coating  sim- 
ply covers  up  the  red  tint,  or  prevents  entirely  its  formation  when  a 
mixture  of  chloride  and  bromide  of  silver  is  used. 

It  was  noticed  if  the  yellow  tint  formed  by  iodide  of  silver  be  held 
before  the  spectroscope,  the  entire  violet  end  of  the  solar  spectrum  is 
cut  off. 

The  indistinctly  visible  white  coating  formed  by  bromide  of  silver 
has  the  property  of  changing  to  a  jet  black,  or  bluish  black,  almost  in- 
stantly when  held  in  direct  sunlight. 

A  large  number  of  reagents  were  tried  upon  these  coatings,  but 
with  few  positive  results ;  some  of  the  most  characteristic  are  as  fol- 
lows :  Mercuric  chloride,  when  applied  in  excess,  causes  a  complete 
solution  of  the  yellow  coating  of  silver  iodide ;  if  however  a  dilute  so- 
lution of  mercuric  chloride  be  added,  there  will  be  formed  the  highly 
characteristic  bright  red  iodide  of  mercury.  The  coating  formed  by 
chloride  and  bromide  of  silver  gives  negative  results  with  this  reagent. 
Ammonium  chloride  readily  dissolves  the  chloride  of  silver  coating, 
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but  does  not  change  the  iodide  or  bromide  coating.  Sodium  hypo- 
sulphite dissolves  the  three  coatings  ;  but  in  the  case  of  the  chloride  of 
silver  coating,  black  particles  of  metallic  silver  are  found  in  the 
liquid. 

EXPEBIMENTS   WITH   ZINC   DUST   AMD   THE    HALOID   SALTS   OF   SILVER. 

If  a  bead  of  either  chloride,  bromide,  or  iodide  of  silver  be  treated 
on  a  platinum  wire  with  zinc  dust,  and  slightly  heated  before  the  blow- 
pipe, there  will  be  a  violent  chemical  action,  with  considerable  evolu- 
tion of  white  fumes,  which  are  easily  condensed  upon  cold  surfaces. 
This  coating  was  proven  to  be  the  haloid  salts  of  zinc.  If  there  be  an 
excess  of  zinc,  or  if  the  bead  be  held  too  closely  to  the  cold  surface, 
there  will  be  formed  a  black  stain  of  metallic  silver.  When  iodide  of 
silver  alone  is  treated  with  zinc  dust  as  described,  there  is  always 
formed  a  slight  yellow  coating  of  iodide  of  silver. 

If  the  cold  coating  produced  by  iodide  of  silver  be  touched  with  a 
drop  of  mercuric  chloride,  an  immediate  and  beautiful  red  color 
(Hgl,)  will  be  seen.  I  find  that  the  most  minute  trace  of  iodine  can  be 
detected  in  this  manner,  even  in  the  presence  of  considerable  chlorine 
and  bromine. 

Chromic  anhydride,  when  touched  to  either  bromide  or  iodide  of 
silver  beads,  liberates  the  iodine  and  bromine  in  a  free  state.  By 
blowing  upon  either  of  these  beads  with  the  oxidizing  flame  of  the 
blow-pipe,  there  will  be  formed  a  yellowish  brown  coating  upon 
porcelain. 

When  chloride  of  silver  is  treated  in  a  similar  manner,  intensely 
reddish  brown  fumes  appear,  there  will  be  a  brown  deposit  upon  por- 
celain, and  in  connection  with  this  deposit,  there  will  be  found  a  liquid 
of  a  reddish  tint. 

A  mixture  of  silver,  mercury,  and  lead  chlorides,  when  heated  be- 
fore the  blow-pipe,  and  the  vapor  be  allowed  to  condense  upon  porce- 
lain, gives  a  white  coating,  with  generally  an  irregular,  dark  boundary, 
owing  to  the  formation  of  metallic  mercury. 

If  this  white  coating  be  gently  touched  with  the  oxidizing  flame,  a 
distinct  red  color  is  immediately  perceptible ;  proving,  that  silver  can 
be  very  readily  detected  in  the  presence  of  mercury  and  lead,  by  means 
of  the  blow-pipe. 

RESUMt. 

1,  A  method  has  been  given  by  which  chlorine  can  be  detected  in 

the  presence  of  a  large  amount  of  bromine,  readily  and  satisfac- 
torily. 

2.  Iodine  can   be  detected  in  the  presence  of  both  chlorine  and 

bromine. 
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3.  Silver  may  be  detected  by  the  blow-pipe  in  the  presence  of  various 

metallic  bases  as  lead  and  mercury. 

4.  When  chlorine,  bromine,  and  iodine  are  together,  the  iodine  must 

be  first  removed,  as  far  as  possible,  in  order  to  detect  chlorine. 
The  method  I  propose  for  the  removal  is  to  treat  the  precipitate 
formed  by  nitrate  of  silver  with  a  very  dilute  solution  of  ammonia, 
whereby  all  the  chloride  of  silver  will  be  dissolved,  together  with  small 
quantities  of  the  iodide  and  bromide  of  silver.  The  ammoniacal  solu- 
tion is  evaporated  to  dryness  in  a  porcelain  dish,  and  the  residue  tested 
for  chloride  of  silver  by  the  method  previously  described. 


XVIII. — Contributions  to  Blow-pipb  Chsmibtrt. 

SECOND  PAPER. — BLOW-PIPE   LAMP   AND   OANDLB. 

BY  P.  CASAMAJOR. 

Blow-pipe  Lamp. — ^The  oil  lamp  most  generally  used  in  blow-pipe 
analysis  is  of  a  pattern  first  proposed  by  Berzelius.  The  body  of  this 
lamp  is  low  and  narrow,  but  its  length  is  quite  disproportionate  to  its 
other  dimensions.  This  length  is  nearly  five  inches,  while  the  other 
dimensions  are  not  quite  an  inch  each  way.  The  foot  of  this  lamp  is 
formed  of  two  cross  pieces  which  come  apart  when  the  lamp  is  dis- 
mounted, the  length  of  each  piece  being  about  seven  inches.  The  ex- 
cessive length  of  this  lamp  and  of  the  cross  pieces  of  its  foot,  were  not 
objectionable  if  we  consider  the  plan  adopted  by  Berzelius  for  carrying 
his  blow-pipe  instruments  when  traveling. 

These  were  packed  in  a  surgeon's  pouch,  made  of  a  piece  of  leather 
about  40  inches  long  and  18  inches  wide,  lined  with  another  piece  of  the 
same  length,  and  10  inches  wide.  Over  these  two  thicknesses  was  a 
third  piece  six  inches  wide,  stitched  in  several  places,  so  as  to  make 
from  twenty-five  to  thirty  sheaths  for  holding  the  instruments.  As  the 
widest  piece  of  leather  projected  about  4^  inches  on  each  side  of  the  10 
inch  lining,  the  extra  width  was  folded  over,  and  the  edges  were  tied  to- 
gether with  strings.  Each  sheath  was  made  by  placing  the  six  inch 
leather  over  each  instrument  and  stitching  it  down,  so  that  every  instru- 
ment fitted  exactly  In  its  sheath.  This  pouch,  when  rolled  up,  allowed 
all  the  instruments  to  be  carried  in  safety  in  the  smallest  possible  com- 
pass. 

For  this  manner  of  carrying  instruments  they  require  to  be  flat  and 
narrow,  although  they  may  be  quite  long.  This  accounts  not  only  for 
the  elongated  shape  of  the  oil  lamp,  but  also  for  that  of  alcohol  lamp, 
the  anvil  and  the  reagent  box  adopted  by  Berzelius. 

The  blow-pipe  oil  lamp  which  I  present  you  this  evening,  is  not 
adapted  for  being  packed  in  a  leather  pouch,  like  the  one  before  men- 
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tioned.     I  have  endeavored  to  obtain  the  minimum  of  volume,  combined 
with  every  advautoge  which  is  found  in  the  lamp  of  Berzelius. 

The  lamp  is  cylindrioal  and  quite  flat.  In  the  one  we  have  here  the 
height  of  the  cylindrical  portion  is  one  inch,  and  the  diameter  three 
inches.  The  top  is  curved  and  provided  with  two  openings  closed  with 
screw  caps.  One  of  the  openings  is  for  the  wick,  and  the  other  is  to 
fill  the  lamp  without  disturbing  the  wick. 


riG.  I  .  FULL    Size- 

The  lamp  is  held  in  a  covered  box,  as  shown  in  ligure  1.  When  the 
lamp  is  to  be  used,  it  is  taken  out  of  its 
box,  which  then  serves  as  a  foot.  By  draw- 
ing the  cover  out,  more  or  less,  the  lamp 
may  be  raised  or  lowered  to  suit  the  con- 
venience of  the  operator.  The  lamp  on 
its  foot  is  shown  in  figure  3. 

To  make  the  lamp  as  low  as  possible 
when  put  away  in  its  box,  the  wick  is 
lowered  down  in  the  lamp,  as  shown  in 
figure  8.  When  the  lamp  is  to  be  used, 
the  wick  is  pulled  up  again.  This  is 
done  by  soldering  the  tube  that  carries 
the  wick  in  a  cylinder  surmounted  by  a 
cap.  This  cylinder  fits  loosely  in  the 
larger  tubulure  of  the  lamp,  and  is  pro- 
vided with  four  long  slits  in  which  enter 
four  pins  attached  to  this  tubulure.  When 
the  wick  is  to  be  lowered  it  is  turned 
around  until  the  four  slits  come  opposite 
the  four  pins,  and  the  wick  tube  is  pressed 
down.  Besides  the  four  slits,  the  cylin- 
der attached  to  the  wick  tube  has  four 
notches  into  which  the  same  pins  enter 
when  the  wick  tube  is  raised  and  turned       Fl&.i.  HALfSIZE. 
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around  an  eighth  of  the  circumference.    Figure  3  shows  the  wick 


ns.3.  FULL  SIZE  .    na,4,  fullsize:. 

lowered  down,  and  figure  4  shows  it  raised.  In  figure  3  may  be  seen 
one  of  the  slits  and  two  of  the  notches  spoken  of,  and  in  fignre  4  are  two 
slits  and  one  notch  midway  between  the  slits. 

For  the  convenience  of  heating  small  dishes  or  crucibles  over  the 
flame,  a  ring  is  placed  over  it,  as  shown  in  figure  3.  This  ring  is  made 
of  brass  wire,  which,  afler  being  curved  round  in  a  circle,  is  prolonged 
outwards  in  the  direction  of  the  diameter,  and  finally  curved  downwards 
at  right  angles.  This  last  portion  of  the  wire  is  about  three-quarters  of 
an  inch  long,  and  enters  in  a  vertical  tube  a.  The  tube  a  enters  in 
another  vertical  tube  b,  which,  in  its  turn,  enters  another  tube  which 
goes  through  the  lamp,  and  is  soldered  to  its  top  and  bottom.  The 
tube  a  enters  very  freely  in  the  tube  b,  and  this  latter  tube  enters  with 
equal  case  in  the  tube  soldered  to  the  lamp.  Each  one  of  the  tubes,  a 
and  b,  is  provided  with  an  appendix  made  of  spring  brass,  which  fits  so 
tightly  round  the  tube  that,  although  it  may  be  moved  up  and  down, 
it  will  remain  in  any  position  in  which  it  is  placed.  This  appendix,  in 
each  tube,  rests  on  the  top  of  the  larger  tube  below  it,*  so  that  by  mov- 
ing either  or  both  up  and  down,  the  ring  over  the  flame  may  be  raised 
or  lowered.  When  the  lamp  is  packed  in  its  box,  the  tubes  a  and  b 
are  placed  in  the  space  between  the  top  of  the  lamp  and  the  top  of 
the  box  {see  fig.  1).  The  ring  is  also  placed  in  the  same  space,  and  its 
shank,  which  is  made  to  enter  the  tube  a,  is  then  placed  in  the  tube  that 
goes  through  the  lamp. 

The  application  of  a  tube,  soldered  to  the  top  and  bottom  of  the 
lamp  is  equally  feasible  with  the  oil  lamp  of  Berzelius.  In  this  lamp, 
as  now  used,  a  tube  placed  at  one  of  the  ends  slides  up  and  down  a  ver- 
tical rod.  By  placing  the  tube  in  the  middle  of  the  lamp,  the  cross- 
pieces  of  the  foot  need  be  no  longer  than  the  lamp  itself,  the  reduced 
length  insuring  greater  stability  than  can  now  be  obtained  with  the 
cross  pieces  seven  inches  long.     By  the  use  of  a  foot  whose  pieces  are 
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no  longer  than  the  lamp,  and  vertical  rods,  analogous  those  I  have  de* 
scribed,  the  portability  of  the  Berzelius  lamp  could  be  very  much  im- 
proved. 

llie  box  in  which  the  lamp  is  packed,  besides  serving  as  an  adjust- 
able  stand,  answers  the  useful  purpose  of  a  covering  to  prevent  the 
lamp  from  soiling  things  that  might  otherwise  come  in  contact  with  it, 
as,  with  the  best  care  and  the  tightest  joints,  it  is  impossible  to  prevent 
a  little  oil  from  leaking  out. 

The  best  oil  to  use  is  olive  oil,  which  should  be  of  the  best  quality, 
as  even  the  best  is  not  any  too  good.  I  have  lately  added  to  olive  oil 
one-fifth  its  volume  of  kerosene  oil  (refined  petroleum),  which  makes 
the  oil  rise  more  freely  in  the  wick  and  prevents  incrustations,  without 
making  the  flame  perceptibly  more  smoky. 

Blow-pipk  Candlb. — The  older  Swedish  chemists  of  pre-Berzelian 
times,  to  whom  belongs  the  honor  of  laying  the  foundations  of  blow- 
pipe chemistry,  Cronsted,  Bergman  and  Gahn,  used  candles  for  fuel. 
Gahn  used  a  triple  candle,  formed  of  three  small  candles  in  one  candle- 
stick, so  as  to  obtain  a  more  powerful  flame.  He  also  tried  an  oil 
lamp,  with  which  he  became  disgusted,  as  it  had  no  provision  to  prevent 
leakage  of  oil.* 

Stearic  acid  candles  give  a  flame  which  is,  to  say  the  least,  as  good 
as  that  given  by  the  best  olive  oil.  The  material  itself  is  less  costly 
than  good  olive  oil,  and  there  is  no  question  that,  for  traveling,  stearic 
acid  candles  are  infinitely  more  convenient  than  oil. 

Candles,  however,  present  a  serious  objection.  The  heat  of  the 
blow-pipe  flame  melts  a  candle  in  the  part  immediately  under  the  flame 
more  rapidly  than  in  any  other  part,  so  that  the  melted  material  runs 
all  down  that  side,  and  the  wick  gets  very  little  of  it. 

I  have  tried  several  means  of  preventing  this,  but  only  lately  have 
I  found  a  practical  way  of  overcoming  the  difficulty.  This  consists  in 
wrapping  a  sheet  of  tin  foil,  about  as  thick  as  fine  writing  paper,  round 
the  candle.  The  sheet  of  tin  foil  should  be  of  the  same  length  as  the 
candle,  and  its  width  should  be  at  least  one  inch  more  than  the  circum- 
ference of  the  candle.  The  tin  foil  is  put  over  the  candle,  and  its  two 
edges  are  brought  together,  so  that  when  the  tin  foil  is  pressed  tightly 
against  the  candle,  there  remain  two  thicknesses  of  foil  about  half  an 
inch  wide.  These  two  thicknesses  are  folded  over  so  as  to  present  a 
projection  of  four  thicknesses  a  quarter  of  an  inch  wide.  This  is  again 
folded  over  so  as  to  present  eight  thicknesses  in  a  projection  of  one- 
eighth  of  an  inch,  which  is  finally  flattened  down  on  the  candle. 
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When  a  candle,  dressed  in  tin  foil  in  this  manner,  is  burnt,  the 
melted  material  remains  in  the  tin  foil,  and  no  amount  of  blowing  will 
make  it  run.  If  the  candle  is  allowed  to  burn  down,  the  tin  foil  will 
melt  as  soon  as  it  rises  high  enough  to  come  opposite  the  hot  part  of 
the  flame,  but  there  will  dways  remain  a  cup  of  melted  stearic  acid  to 
feed  the  wick. 

When  a  candle  dressed  in  tin  foil  is  used,  the  operator  can  keep  the 
tin  foil  at  a  convenient  height  with  very  little  trouble.  If  the  blow- 
pipe  flame  is  directed  against  the  envelope,  the  tin  melts  down  imme- 
diately to  the  level  of  the  melted  stearic  acid.  With  a  pair  of  scissors, 
the  tin  foil  can  also  be  kept  down  to  the  proper  height  with  very  little « 
trouble.  A  very  ready  way  to  keep  it  at  the  proper  height,  is  to  poke 
it  away  outwards  and  downwards  with  the  butt  end  of  the  blow-pipe. 
It  is  of  the  greatest  importance  that  the  tin  foil  wrapper  should  be  per- 
fectly free  from  holes,  as  the  stearic  acid,  which  is  kept  melted  at  quite 
a  depth,  will  all  run  out  when  it  finds  an  outlet.  If  a  hole  is  discovered 
in  the  tin  foil,  the  readiest  remedy  is  to  place  over  it  another  sheet  of 
the  same  foil  about  half  an  inch  wide,  and  press  this  tightly  round  the 
candle  in  the  same  manner  as  the  first  covering. 

By  taking  two  candles  and  shaving  off  one  side  of  each,  and  pressing 
the  two  flattened  portions  together,  we  may  obtain  a  double  candle 
which  gives  a  very  large  flame.  The  two  wicks  should  be  about  one- 
half  inch  apart.  If  the  two  candles  are  wrapt  in  tin  foil,  taking  care 
that  the  case  thus  formed  be  prolonged  under  the  candles,  the  portion  of 
stearic  acid  shaved  off  may  be  melted  and  poured  in  the  mold  of  tinfoil 
and  the  two  candles  will  be  cemented  into  one. 


XIX. — Proceedings. 
Regular  Meeting^  Thursday^  June  6/A,  1878. 

The  meeting  was  called  to  order  at  8.15  P.  M.,  Vice-President 
Casamajor  in  the  chair. 

Mr.  Atwater  read  the  first  paper  on  the  determination  of  fats 
in  vegetable  products.  For  this  purpose  ether,  in  a  slightly  mod- 
ified Johnson's  apparatus,  was  used.  The  drying  of  the  material 
as  well  as  the  drying  and  purifying  of  the  ether  are  very  impor- 
tant, since  the  water  and  alcohol  (contained  in  commercial  ether), 
tend  to  vary  the  results  of  the  extraction  greatly.  The  ether  was 
treated  with  CaClj,  syphoned  off,  this  operation  repeated  and 
finally  distilled,  when  a  product  of  a  spec.  grav.  as  low  as  0.706  at 
16°  was  obtained.     Dr.  Squibb  stated^  that  commercial  ether  con- 
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tains  aboat  27  per  cent,  of  an  alcohol  containing  15  per  cent.  II2O, 
stronger  ether  7  per  cent,  alcohol  and  traces  of  water,  washed 
ether  7  to  9  per  cent,  watery  alcohol.  The  specific  gravity  of  com- 
mon ether  varies  from  0.725  to  0.727  at  16°,  after  washing  and 
treating  with  CaClj,  so  that  it  will  stand  the  anhydrous  copper 
sulphate  test,  0.719  at  16°.  The  low  gravity  found  by  Mr.  Atwater 
might  have  been  due  to  the  incorrectness  of  the  hydrometer 
used. 

Dr.  Waldstein  remarked,  that  according  to  Bayer  Na  must  be 
substituted  for  CaClj,  which  is  too  easily  decomposed. 

Mr.  Lipps  uses  equal  parts  of  alcohol  and  benzole  for  the  ex- 
traction of  fats  from  vegetable  products ;  on  the  addition  of  water 
the  benzole  separates,  holding  the  fat  in  solution. 

Dr.  Squibbs  stated,  that  he  extracts  the  substance  crudely  at 
first,  and  then  the  extract  thus  obtained,  with  absolute  ether.  It 
is  a  curious  fact,  that  oil  may  be  extracted  from  a  leaf  by  weak 
alcohol,  whereas  the  oil  itself  does  not  dissolve,  unless  in  very 
strong  alcohol. 

Mr.  P.  Casamajor  read  the  next  papers  on  blow-pipe  imple- 
ments and  blow-pipe  reactions  of  alloys  of  lead  and  tin,  and  of 
iodides,  bromides  and  chlorides. 

Dr.  E.  F.  Smith's  papers :  on  a  new  monochlordiphenol  and 
and  an  aniline  derivative  of  a  monochlordiphenol,  and  on  beryl- 
lium borate,  were  read  by  title  and  ordered  to  be  printed. 

Prof.  Leeds'  paper  on  a  new  method  of  generating  ozone,  was 
withdrawn  by  the  author  for  the  evening. 

On  account  of  the  lateness  of  the  hour,  the  reading  of  the 
papers  of  E.  M.  Johnson  and  G.  H.  Johnson,  on  ferrochromium 
and  ferromanganese,  was  postponed  until  the  next  meeting. 

Mr.  Atwater  showed  a  very  convenient  bulb  apparatus  for  N 
determinations  ;  it  ends  in  a  little  bulb,  which  serves  for  running 
in  acid  from  a  burette  ;  also  a  new  form  of  desiccator  on  the  prin« 
ciple  of  the  fruit  jar,  with  clamp  and  rubber  ring. 

The  following  were  elected  : 

As  members — Chas.  Johnson,  J.  B.  Mcintosh,  L.  S.  Ware,  A. 
O.  Jenks. 

As  associates — Chas.  Moran,  Henry  Bower. 

On  motion  of  Dr.  Chandler,  the  society  adjourned  to  the  sec- 
ond  Thursday  in  July. 

M.  ALSBERG, 

liecording  Secretar;/. 
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XX. — On  the  Quantitatiyb  Determination  of  Fats. 
BY  W.  0.  ATWATER,  PH.  D.,  AND  G.  WARNECKE. 

In  connection  with  the  proximate  analyses*  of  a  somewhat  extended 
list  of  vegetable  and  animal  substances,  we  have  taken  occasion  to  test 
some  of  the  methods,  employed  for  the  quantitative  determination  of 
fats  and  allied  compounds,  in  order  to  learn,  if  practicable,  the  causes 
of  the  unsatisfactory  results  so  often  obtained,  and  the  best  means  for 
improving  them. 

The  work  thus  begun,  speedily  showed  the  importance  of  more 
thorough  study  of  the  action  of  various  solvents,  as  ether,  carbon  di- 
sulphide,  and  light  hydrocarbons,  under  different  conditions.  Of  the 
series  of  investigations  undertaken,  but  not  yet  fully  completed,  a  part 
iiave  to  do  with  extraction  by  ether.     A  notice  of  results  is  given  here. 

Determination  of  Fats  by  Extraction  with  Ether. — The  necessity  of 
drying  the  substance,  in  which  fats  are  to  be  determined,  and  of  purify- 
ing the  ether  used,  have  been  the  main  points  of  inquiry.  The  modes 
<of  drying  the  substance  and  purifying  the  ether,  and  the  forms  of  ap- 
paratus and  methods  of  manipulation  best  adapted  to  the  purpose,  have 
likewise  been  looked  into  to  some  extent. 

In  general,  it  appears,  that  the  common  method  of  extracting  fresh 
or  air-dry  substance  with  ordinary  ether,  gives  results  altogether  unre- 
liable and  unsatisfactory,  that  purifying  the  ether  remedies  the  evil  but 
partly,  and  that,  for  accurate  results,  it  is,  in  general,  necessary  to  both 
purify  the  ether  and  dry  the  substance.  But  with  matei  ials  so  pre- 
pared the  results  are  very  satisfactory,  and  proper  apparatus  and  ma^ 
nipulation  make  the  process  one  of  unusual  rapidity  and  ease. 

The  common  methods  of  fat  extraction  with  ether  involve : 

I.  Digestion  in  the  cold  ;  either  in  a  flask  or  in  an  apparatus  («.  ^., 
those  of  Wagner  and  Kuhu)  especially  devised  to  hold  the  ether  for 
tome  time  in  contact  with  the  substance,  and  then  allow  it  to  filter  into 
Another  receptacle. 

II.  Digestion  in  warm  ether  {e,  ^.,  Wolff,  Simon). 

III.  Percolation  by  warm  ether.  This  is  usually  effected  by  evap- 
orating the  ether,  condensing  and  causing  it  to  pass  through  the  sub- 
stance. Various  forms  of  apparatus  have  been  devised  for  this  purpose, 
such  as  those  of  Pepin,  Pay  en,  von  Bibra,  Cloez,  Gerhard  t  dc  Chancel, 
Storch,  Stohmann,  Simon,  Gerber,  Zulkowski,  Maly,  Tollens,  Johnson 
and  Schulze. 

Apparatus. — The  apparatus,  which  we  have  employed  is  represented 
in  the  figure.  It  combines  features  of  several  of  those  named,  but 
contains  nothing  new  except  some  modifications  and  details.     To  effect 
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the  passage  and  percolation  of  the  ether  we  use  the  apparatus  de> 
scribed  by  Johnson  {Am.  Jour,  Set.,  XIII,  1877,  p.  196).  The  ether 
in  the  flask  is  boiled,  the  vapor  passes  up  through  the  space  between 
the  tubes  T  and  t,  into  the  condenser,  whence  it  drops  into  i,  passes 
through  the  substance  and  falls  freighted  with  fat  into  the  flask,  and  re- 
peats the  round  until  its  work  of  extraction  is  done. 

We  find  it  convenient  to  have  the  extraction  tubes  i  and  T  rather 
large.  For  /,  7  cm.,  length  by  2.8  diameter,  and  for  T,  25  cm.  lengthy 
by  3.8  cm.  internal  diameter  are,  according  to  our  experience,  good 
dimensions.  For  substances,  whose  lightness  and  low  content  of  fat 
require  considerable  bulk  for  the  determination,  a  tube  t  of  these  di- 
mensions is  none  too  large,  and  the  size  of  the  apparatus  is  no  incon- 
venience at  any  time. 

The  inner  tube  t  is  conveniently  sustained  in  T  by  a  ring  of  wire,  R, 
for  which  either  platinum,  or,  with  care  to  keep  clean,  copper  may  be 
used.  The  lower,  somewhat  narrowed  and  flanged  end  of  /  is  closed  by 
a  piece  of  filter  paper  as  recommended  by  Tollens,  preferably  the  Ger- 
man "  coffee  filter  paper,"  covered  with  muslin  and  bound  by  platinum 
wire.     A  filter  once  fixed  serves  for  a  large  number  of  determinations* 

The  condenser  in  the  figure  consists  of  a  vessel  of  zinc  inclosing  four 
worms  of  block  tin  pipe.  The  latter  are  of  6  mm.  bore,  and  1.6  meter 
long.  They  condense  the  ether  perfectly  in  water  of  ordinary  room 
temperature,  except  in  summer,  when  the  addition  of  ice  from  time  to 
time  is  necessary.  We  find  this  in  summer  more  effectual,  and  at  all 
times  more  convenient,  than  a  constant  current  of  water.  Instead  of 
the  zinc  cooler,  we  have  also  used  a  bottle  with  the  bottom  broken  off*,  the 
tubes  being  held  by  a  perforated  rubber  stopper.  Where  only  two 
determinations  are  to  be  made  at  a  time,  the  two  worms  are  easily  fixed 
in  an  ordinary  green  glass  bottle.  This  form  of  condenser  is  cheap, 
compact,  convenient,  durable  and  decidedly  better,  than  Liebig's,  for 
this  work. 

For  the  flask,  60-75  c.c.  is  a  convenient  size.  It  is  needless  to  say, 
that  filter  and  the  corks  used  to  connect  the  flask  with  the  tube  T,  and 
the  latter  with  the  worm,  should  be  well  extracted  with  ether. 

Process — Manipulation, — The  ether  is  best  boiled  by  hot  water  in  a 
beaker  (see  figure),  the  water  being  renewed,  when  cool,  from  a  supply 
kept  hot  and  conveniently  at  hand.  It  is  easy  to  regulate  the  evapora- 
tion of  the  ether  so  as  to  keep  a  constant  current  trickling  through  the 
substance.  The  end  of  the  worm  should  be  cut  off*  square  and  project  into 
the  inner  tube.  The  drops  of  ether  are  thus  scattered  over  the  surface 
of  the  substance  and  the  formation  of  channels  is  prevented.  It  is  easy 
and  much  better  to  regulate  the  current  so  as  to  keep  the  substance 
saturated  with  ether,  and  a  layer  of  the  latter  above  it.      The  tempera- 
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ture  of  the  ether  is  held  at  near  its  boiling  point  by  the  surrounding 
current  of  vapor,  bubbles  of  the  vapor  rise  through  the  substance  and 
Iceep  it  loose,  the  ether  percolates  rapidly  through  it  and  the  extraction 
is  quick  and  complete.  When  a  few  drops  of  the  ether  leave  no 
perceptible  residue  on  a  watch  glass,  the  operation  is  done.  One 
iiour  or  less  generally  suffices  for  the  extraction.  The  ether  may 
then  be  forced  into  the  condenser  and  caught  in  another  fiask  and 
preserved.  The  quantity  of  ether  thus  consumed  is  extremely  small. 
The  flask,  with  the  fat,  is  warmed  until  the  ether  is  all  driven  off  and 
weighed  with  a  similar  flask  as  counterpoise.  Fats,  that  alter  on  ex- 
posure to  warm  air,  should  be  dried  in  hydrogen,  as  will  be  stated 
further  on.  With  the  apparatus  and  process  described,  from  six  to 
eight  determinations  can  easily  be  made  per  day. 

Quantities  of  Materials  to  be  Used, — Enough  material  should  be  used 
to  furnish  frpm  0.07  grm.  to  0.5  grm.  fat.  Of  such  substances  as  straw 
and  some  grades  of  flour,  7-10  grms.  should  be  taken  ;  of  ordinary  hay 
and  grains  4-5  grms.,  and  of  materials  like  oil-cake  and  fish  scrap  1--3 
grms.  will  suffice.  Of  ether,  15-30  c.c,  according  to  the  bulk  of  the  sub- 
stance, are  sufficient. 

Ether. — We  have  used  the  kinds  sold  in  the  drug  stores,  as  ^'  commer- 
cial ether  "  and  "  stronger  ether."  The  first  has  a  specific  gravity  of  about 
0.750,  and  is  said  to  contain  25  per  cent,  of  88  per  cent,  alcohol  and  some 
"  heavy  oil  of  wine."  We  have  noticed  no  indications  of  sulphurous 
acid  in  the  samples  we  have  used,  the  reaction  being  uniformly  neutral. 
The  "  stronger  ether  "  is  considerably  purer.  These  have  been  purified 
by  digesting  for  24r-72  hours  with  calcium  chloride,  drawing  ofl*  the 
upper  layer  of  partially  purified  ether,  digesting  again  as  before  and 
distilling.  We  find  the  *'  stronger  ether  "  the  more  economical  for  the 
purpose. 

Specific  gravity  determinations  of  the  products  thus  obtained,  were 
made  with  an  ordinary  hygrometer,  the  scale  of  which  had  been  ap- 
proximately corrected  by  tests  with  distilled  water  and  with  absolute 
alcohol  and  ether,  whose  specific  gravities  had  been  determined  by 
weighing  in  a  pyknometer.  They  gave,  in  five  cases,  0.719  at  13°, 
0.719  at  18°,  0.716  at  20°,  0.716  at  22°,  and  0.709  at  24°.  These  fig- 
ures either  agree  with  or  vary  by  .001-.003  from  those  given  {e,  g,  Heppe 
Vademecum  des  Praetischen  CkemikerSj  337)  for  absolute  ether.  Ether, 
thus  prepared,  though  doubtless  less  pure,  than  it  would  be  if  purified  with 
sodium,  is  near  enough  to  absolute  ether  to  serve  the  purpose,  and  is 
called  absolute  ether  in  the  following  pages. 

Use  of  Absolute  vs.  Commercial  Ether  ^  and  Water-free  vs.  Air-dry  Sub- 
.stance  in  Fat  Determinations. — The  directions  for  fat  extraction  with 
«ther,  as  given  in  works  on  analytical  chemistry  generally,  recommend 
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to  treat  the  "  substance  "  with  "  ether  "  simply,  and  say  nothing  about 
either  drying  the  substance  or  purifying  the  ether.  See,  for  instance, 
Wolff,  Chemiscke  Untersuekung  landwirtksckaflick  wickiiger  Stoffe,  Ste 
Aufl.,  S.  174. 

On  the  other  hand,  we  occasionally  find  a  statement,  that  one  or 
both  precautions  have  been  taken.  For  instance,  Tollens  mentions  the 
use  of  pure  ether  for  fodder  materials  ;*  G.  Kuhn,f  Christenn,!  and 
Lehmann,§  use  water  free  substance  in  milk  analysis ;  and  Lehmann,| 
von  Gohren,^  Kuhn,**  Johnson,  Atwater,f f  and  K6nig,IJ  use  water 
free  substance  and  absolute  ether  in  determinations  of  fat  in  fodder 
materials  and  milk. 

The  Determinations  have  been  made  by  three  methods,  using : 
Fir  sty   Water-free  substance  and  absolute  ether. 
Second,  Air^dry  substance  and  absolute  ether. 
Third,  Air'dry  substance  and  commercial  ether. 

The  results  are  given  in  the  following  table : 

By  "  fats  "  is  to  be  understood  the  "  ether-extract,"  which,  in  addi- 
tion to  the  true  fats,  tri-glycerides,  contains  more  or  less  of  other  com- 
pounds soluble  in  ether,  as  wax,  chlorophyll,  cholesterin,  lecithin,  etc. ; 
and,  where  air-dry  substance  and  commercial  ether  are  used,  still  other 
substances,  whose  character  is  less  certain. 


*  Jour.  f.  Landw.  XXII,  1874,  8.  254. 

t  Landw.  Vs.  St.  VIII,  S.  197.  t  Landw.  Vs.  St.  V.  S.  9. 

X  Landw.  Vs.  St.  XX,  S.  439.  ♦♦  Jour.  f.  Landw.  XXIL  S.  188. 

g  Annal.  d.  Chem.  189,  S.  858.  ff  Am  Jour.  Sci.  XLVIII,  1869,  p.  362. 

I  Landw.  Vs.  St.  Ill,  S  193.  %%  Landw.  Vs.  St.  XIII.  241. 
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« 

(JVb*.  III-VIII  were  milling  products  from  a  mixture  of  I  and  II,  Nos,  XI 
and  XII  were  the  coarsely  ground  and  unbolted  grains.  Nos,  10-203  were 
samples  of  fish  refuse  used  as  fertilizers.  The  percentages  of  fats  are 
reckoned  on  water-free  substance  in  all  except  Nos,  10-203,  in  which  they 
are  reckoned  on  air-dry  substance).  For  analytical  details^  see  Table  Illy 
at  end  of  article. 
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o 


II. 
in. 

IV. 

V. 

VI. 

VII. 


PBRCUITIOB    CP    FaTH    OBTAIlf»D. 


MATERIALS. 


c 


9 


Mtihod. 

Water-free 

SQbsiMice. 

Abpnlute 

ether. 


Steond 
Method, 

Air-dry 
subeUDce. 
Absolute 

.ether. 


Third 
Mtthod, 

Air^lry 

•ubetADoe. 

Commercial 

ttber. 


Wheat,  Michigan  White  Winter 12.75 


Per    Per 
cent.  cent. 
1.45   1.48 


Aver-  [  Per     Per  , 
age.     cent.  cent. 
1.44    1.47|  1.52 


Wheat,  MlMouri  Red  Fall  18.52  1.78 

Wheat  Shorts  (Bran) 11.81  2.5T 

No.«Mlddlings ,12.27  I  8.08 

No.  1  Middlinn !l1.82  ;  2.88 

Purified  Middlings  . . . . : 12.85  I  1.42 


New  Prooera  Flour. 


VIII.  No.  1  Flour. 

I 

IX.  No.  S  Flour 


!l8.S0  '  1.81 
11.9s     0.t>4 


19.48 


0.81 


X.No.8Flour 10.80  |  1.16 


XI. 

XII. 

XIII. 

XIV. 

XV. 

XVI. 

XVII, 

XVIIl. 

XIX. 

XX. 
XXI. 


RIoeFeed  .., 

Barley  Feed  

Timothy  Hay.  just  before  blossom 
Timothy  Hay.  early  in  blossom  ... 

I  Timothy  Hay,  in  fall  blossom 

'Timothy  Hay,  ripe 

Clover  H«y,  just  before  blossom  . . 

'Clover  Hay,  early  In  blossom 

Clover  Ifay,  In  full. blossom 

|Clover  Hay,  ripe 

'Fodder  Oom 


XXII.  Fodder  Corn 

I 

XXIII.  Fodder  Com 


XXIV. 

XXV. 

XXVI. 

XXVII. 

XXXV. 

XL. 

10. 

24. 
UK). 
17-2 
1&5. 

2te. 

179. 
1K9. 
181. 
197 


Hungarian  Orsss.  early  In  blossom.. 
Hungarian  Grass,  In  full  blossom  . . . 

; Hungarian  Grass,  nearly  ripe 

jLinseedCake 

'  Linseed  Powder 

Turnip  Seed 

Milk    

''Ury  Ground  Fish,"  "  FUh  Guano**. 

II  tt  U  II 


»l 

14 


tt 
U 


tt 
t( 
tt 


»t 

tt 
tl 


•    ••••■*     • 


*'  Crude  Fish  Scrap,**  dried  In  labor- 
story  

"Drjr  Fish  Scrap** 

"  Half-dry  Fish  Pcira'p  '*' 


I 


•  •••«> 


15.11 
9.85 
8.45* 
2.78* 
5.4S* 
8.8S* 
8.22* 
6.  IS* 
1.82* 

%.m* 

2.56* 


Aver- 
age. 

160 


1.86     1.70,  1.81,  1.87     i.g4 

t         ' 

2.88     2.60   2.49   2.81     2.66 


8.08     8. 06 


2.88 
1.41 

1.28 
0.88 


8.00 


2.38   2.62 
1.42 1  1.S4 

1-30    1.62 


8.08 

2.55 
1.51 

1.57 


0.84   1.15   1-14 


0.67j    0.64;  1.17    1.88 
1.17      l.io'  1.19   1.27 


Per 
cent. 
2.U5 
2.47 
2.19 
2.41' 
1.S5, 
2.01  i 
4.09 
8.45 
4.85 
4.46 

2.64    2.24 

1.48.1.77 
'  1.56 

1.66 

1.16 


8.02 


Per 
cent.; 
1.881 
2.88  i 
2.78 
2.40  i 
2.15' 
2.(01 
8.561 
8.^4> 
4.71 

2.77 
1.78 


1.92 

8.821 

1.90' 

1.86 

1.57. 

1.90J 

1.66' 

2.09, 

1.67, 

1.76 

1.48 


1.87 

8.56 

1.90, 

1.881 

1.6l| 

1.88 

1.721 

2.14 

1.70 

1.68, 

1.58 


1.90 
8-69 
1.90 
1  37 
1.69 
1.89 
1.69 
2.12 
1.69 
1.72 
L48 


1.98, 

4.81 

2.14, 

3.19 

2.261 

2.17 

2.09 

8.16, 

1.91' 

179 

1.41 


8.29*    1.84.  1.26     1.30    1.61 


4.78*    1.00 


7.22 
7.20 
7.78 
9.18 
7.54 
5.86 


1.01      101,  1.01 


18.74 

14.64 

18.45 

6.84 

8.21 
11.04 
11.00 
25  10 
56.^3 


2.08    2.64, 

1.S2.  1.88 

1.72'  1.671 

18.1218.94 

37.01 ,86  90 

42.04 142.04 

4  81 1  4.81 

6.71 


6.88 
768 
6.65 
7.31 

899 
8.92 

8.82 


6.711 
6.88  i 
7.68 
6.62 
7.85 

8.95 
8.98 
8.29 


2.04 

1.88 

170 

13.18 

86.96 

42.04 

4  81 

671 

6.86 

768 

6.64 

7.34 


1.8S 

8.69 

2.001 

1.88| 

2.20' 

1.81; 

8.87 

8.24 

1.91 

1.79 

1.41 

1.44 

r 

1.01 

2.46 
2.11 
2.06 


!  2.46 

2.17 

1.85 
18.86  18.471 
87.17  87.02 
|42.9T  48  84 
I  ....  I  ...  - 1 
ll..'«,ll.47 
10.28  10  56i 
10-95  11.40, 

8.60    8  59' 

7.51    7.60 


2.01    2.04 

151    1.85 

1.44 

1.22 

1.15 

1.561 

1.871 

8.15' 

5.58 

2.9S 

2.49; 

4.68 

2.02' 

2.98 

8.46 

8.01 

2.76 

8.81 1 

>.Wi 

2.86 

8.02 

2.58 

2.57 

2.771 

2.19: 

2  18 
13.42  18-85  18.66 
37.10  87.24  87.16 
43.41  42.86  42.72 

4  28    4.25 

11.60  12  24 

10.40  10.77 

11.18  11.8(> 

8.60    7.T6 

7.66    9.56 


126 

1.28 

198 
4.10 
2.071 
1.76' 
2.28 
1.99 
2.28, 
8.20l 
1.91, 
179, 
1.41| 

1.48| 

1.01 

246 
2  14 
1.96 


1.28 

1.48 

2.88 
4..')0, 
1.92| 
2.89 
5.12; 
2.65, 
2  87, 
8.i>8 
2.75 
2.49 
8.48 

8.04 

I 
I 

2.64 

2.76' 
2.82' 
2.16' 


12.58 

14.(K) 

12.87 

9.611 

9.541 


12.*H)  12.0U 
115.59  15.65 


8.97  11.51  ll.f  6 

8.93   4.&S'  4.40 

8.81  10.98  12.86 

12.00  18.00  14.70 

16.62.17.79  17.18, 


11.69  tl>l  11.82 
4.47  4.56  4.27 
11.90  12.27  12.68 
18.86  16.22  17.92 
17.46  18.74  18.98 


Aver- 
age. 


2.81 

200 

8.74 

4.61 
2.68 

169 
203 

1.43 

122 

144 

2.74 

602 

2.46 

244 

4.88 

2.84 

2.93 

8.27 

2.88 

2.63 

3.28 

2.97 

2.66 

2.77 

2.26 

2.17 

18.66 

8720 

42.79 

4  27 

12  89 

12.89 

12.09 

8.69 

9.66 

11.82 

442 

12.48 

17.  or 

18.8^ 


Had  been  partially  dried  befure  grindiDg  for  analysis. 
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Among  the  most  noteworthy  facts  revealed  by  the  table,  are  the  fol- 
lowing : 

I.  By  the  First  Method,  Where  the  ether  was  purified  and  thesub- 
■stance  dried,  the  duplicates  agree  uniformly.  In  the  forty  duplicate 
analyses,  eighty  determinations,  the  differences  between  duplicates  ex- 
ceeded one-tenth  of  one  per  cent,  in  only  two  cases  (No.  XXVII,  0.12, 
and  No.  XXXV,  0.11),  and  were  in  the  majority  from  0.04  per  cent, 
to  nothing. 

II.  By  the  Second  Method.  With  air-dry  substance  and  absolute 
ether,  the  duplicates  generally  agreed  very  well.  Occasionally  wide 
differences  occurred.  The  averages  were  in  nearly  every  case  larger 
than  by  the  first  method.  The  absolute  ether  takes  more  material  from 
the  air-dry,  than  from  the  water  free  substance,  and  this  excess  of  ex- 
tract is  neither  the  same  in  duplicate  determinations  of  the  sample,  nor 
constant  for  materials  of  like  composition,  nor  proportional  to  the 
amount  of  water  in  the  substance.  As  will  be  seen  farther  on,  the  de- 
terminations, whose  duplicates  agreed  best,  were  frequently  far  from 
correct.  In  three-fourths  of  the  cases,  duplicates  were  less  than  0.00  per 
cent,  apart.  In  the  forty  oases  there  were  four  disagreements  between 
0.50  per  cent,  and  1.00  per  cent.,  and  two  over  1.00  per  cent.  Some 
examples  are  given  below  :  , 

NO.        MATERIAL.      MOISTURE  P.  CT. 

XII.  Barley  Feed 9.85 

XiV.  Timothy  Hay 2.73 

XL.  Turnip  Seed 5  86 

100.  Dry  Ground  Fish..  14.64 
189.  Dry  Fish  Scrap. .  .11.00 
131.  Half-dry  Fish  Scrap.25.l0 
197.        "  "  56.83 

We  have  said  that  the  determinations  by  this  method  also  gave 
larger  amounts  of  extract  in  nearly  every  case,  than  were  obtained  by 
the  first  method,  where  the  substance  was  dried.  This  is  illustrated  in 
table  II,  in  which  the  average  amount  of  extract  from  each  substance  by 
the  first  method  is  taken  at  100,  and  the  amounts  by  the  other  methods 
are  reckoned  in  proportion. 


EXTRACT  P.  OT. 

DIFFERENCE. 

4.31-3.89 

0.42  per  cent. 

2.19-1.33 

0.86         *' 

42.97-43.84 

0.87 

10.95-11.40 

0.45 

12.86-10.93 

1.93 

13.00-14.70 

1.70  '       " 

17.79-17.13 

0.66 
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TABLE  II. 


Number. 


MATERIALS. 


Extract  Obtadikd. 


III 


Method. 


Second 
Method. 


Third 
Method. 


I. 

n. 

III. 

IV. 

V. 

VI. 

VII. 

VIIT. 

IX. 

X. 

XL 
XII. 

xni. 

XIV. 

XV. 

XVI. 

XVIL 

xvin. 

XIX. 

XX. 

XXI. 

XXII. 

XXIII. 

XXIV. 

XXV. 

XXVI. 

xxvir. 

XXXV. 

XL. 

10. 

24. 
100. 
172. 
185. 
208. 
179. 
189. 
131. 

iy7. 


Wheat,  Michigan  White  Winter. . 

Wheat,  Missouri  Red  Fall 

Wheat  Shorts  (Bran) 

No.  2,  Middlings 

No,  1,  Middlings 

Purified  Middlings 

New  Process  Flour 

No.  1  Flour 

No.  2  Flour 

No.  8  Flour 

Rice  Feed 

Barley  Feed 

Timothy  Hay,  just  before  blossom . 

early  in  blossom. . . . 

in  full  blossom 


*% 


it 


npe 


Clover  Hay,  just  before  blossom 
early  in  blossom. . . 
in  full  blossom .... 


a 


4t 


kt 


ripe 
Fodder  Com  .. 


Hungarian  Qrass,  early  in  blossom. . . 

*  *  in  full  blossom 

**  nearly  ripe 

Linseed  Cake 

Linseed  Powder 

Milk 

Turnip    Seed 

Dry  Ground  Fish,  *•  Fish  Guano." 


u 
ii 
li 


it 
It 
11 


ii 


•      •       •      • 


•      •       •      « 


**  Crude  Fish  Scrap,"  dried  in  labor'y. 
*'  Dry  Fish  Scrap." 


"Half-dry  Fish  Scrap." 

4.  i4 


12.75 

13.52 

11.31 

12.27 

11.82 

12.35 

13.50 

11.98 

12.46 

10.80 

15.11 

9.85 

3.45 

2.73 

5.48 

3.88 

3.22 

6.18 

1.82 

3.60 

2.55 

3.29 

4.78 

7.72 

7.20 

7.73 

9.13 

7.54 

5.86 
18.74 

14.64 
13.45 
6.34 
8.21 
11.04 
11.00 
25.10 
56. 8:^ 


100. 

100. 

100. 

100. 

100. 

100. 

100. 

100. 

100. 

100. 

100. 

100. 

100. 

100. 

100. 

100. 

100. 

100. 
'100. 
[100. 

100. 

100. 
100. 
100. 
100. 
100. 
100. 
100. 
100. 
100. 
100. 
100. 
100. 
100. 
100. 
100. 
100. 
100. 

loe. 

100. 


104. 

108. 
98. 
99. 

109. 

101. 

119. 

137. 

195. 

106. 
1102. 

114. 

100. 

128. 

140. 

105. 

132. 

151. 

113. 

104. 
94. 

114 
,100. 
i  121. 
1117. 

115. 

102. 
,100. 

104. 
170. 
164. 
146. 
130. 
103. 
130. 
114. 
144. 
115. 
112. 


160. 

118. 

144. 

148. 

109. 

119. 

156. 

170. 

191. 

124. 

144. 

140. 
,128. 

178. 

306. 

123. 

178. 

154. 

170. 

163. 

219. 
i228. 
I  253 . 

136. 

123. 

128. 

104. 

101. 
i  99. 
'102. 
1185. 
1195. 
'170. 

131. 

130. 
I  133. 

112. 
I  151. 
'  142. 
,121. 


By  reference  to  table  I,  it  will  be  seen  that  in  the  three  cases,  Nos. 
Ill,  IV  and  XXI,  when  the  second  method  gave  less  than  the  first,  the 
d'.fference  in  the  averages  by  the  two  methods,  as  reckoned  upon  sub- 
stance, were  0.05  per  cent.,  0.03  per  cent,  and  0.07  per  cent,  respect- 
ively, or  less  than  one-tenth  of  one  per  cent.,  which  is  not  wide  for  the 
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limits  of  error.  Counting  the  results,  that  come  within  one-tenth  of  one 
per  cent.,  reckoned  on  substance,  as  agreeing,  the  results  by  the  two 
methods  agree  in  six  cases.  In  all  the  rest  the.  second  method  yields 
more  than  the  first,  the  excess  being,  in  eighteen  cases,  from  11  per 
cent,  to  50  per  cent.,  and  in  four  from  51  per  cent,  to  95  per  cent,  of 
the  amount  obtained  by  the  first  method.  This  plus  obtained,  when  the 
water  is  left  in  the  substance,  is  found  in  every  sample  of  fish,  does  not 
appear  to  any  considerable  extent  in  the  oil  seeds,  and,  in  the  samples 
of  hay,  grain  and  flour,  is  sometimes  very  large  and  sometimes  zero. 
That  it  is  not  proportional  to  the  amount  of  moisture  is  evident  from 
the  following  figures : 

V  »«  *  _i  1  x«  •  ^  Extract-  Extract, 

^o.  Material.  Moisture.  Irt  Method.       «d  Method. 

VII.  New  Process  Flour 13.50  100.  1 19. 

VIII.  No.  1  Flour 11.98  100.  137. 

IX.  No.  2  Flour 12.46  100.  195. 

X.  No.  3  Flour 10.30  100.  10«. 

XV.  Timothy  Hay 5.48  100.  140. 

XVII.  Clover  Hay 3.22  100.  132. 

10.  Dry  Ground  Fish 18.74  100.  170. 

100.           "            "         14.64  100.  146. 

189.  Dry  Fish  Scrap 11.00  100.  144. 

197.  Half-dry  Fish  Scrap 56.83  100.  112. 

Fats  and  all  the  compounds,  that  have  any  right  to  be  classed  with 
them,  are  readily  soluble  in  pure  ether.  Ether  and  water  together  dis- 
solve  other  substances.  With  pure  ether  and  dry  substances  dupli- 
cates always  agree,  and  with  remarkable  closeness.  But  when  the 
water  is  lefl  in  the  substance,  duplicates  sometimes  agree  and  some- 
times vary,  while  the  extract  is  generally  increased,  sometimes  from  50 
to  nearly  100  per  cent.  It  is  very  true,  that  by  heating,  drying,  oxida- 
tion, etc.,  the  solubility  of  animal  and  vegetable  substances  is  changed. 
But  such  agencies  could  hardly  explain  such  results  as  these.  Nos. 
XIII-XXVI  had  been  heated  and  partly  dried  before  grinding  for  anal- 
ysis, and  yet  they  show  the  same  excess  of  extract  as  the  others.  It  is 
difficult  to  see,  what  this  plus  of  extract  in  the  undried  substance  can  be 
due  to,  unless  it  be  the  water. 

For  such  materials  as  oilseeds  and  milk,  the  drying  may  not  be  so 
necessary.  But  the  above  data  plainly  justify  the  conclusion,  that,  in 
general : 

In  the  quantitative  estimation  of  fats  hy  ether,  unless  the  substance  is 
dried^  more  or  less  of  compounds,  that  do  not  belong  with  the  fats  will  be  ex- 
tracted with  them, 

in.  By  the  Third  Method,  where  air-dry  substance  and  commercial 
ether  were  used,  the  duplicates  sometimes  agree,  but  more  frequently 
disagree.  The  variations  are  utterly  irregular  and  often  very  wide. 
The  averages  almost  always  exceed  those  by  the  second  method,  and 
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are  always  larger  than  by  the  first,  being,  in  some  cased,  twice  and  even 
three  times  as  great  with  undried  substance  and  impure  ether  as  where 
both  were  free  from  water,  and  the  ether  free  from  alcohol  also. 

Below  are  examples  from  table  I,  of  agreement  and  variation  of  du* 
plieates.  They  are  cited,  as  in  the  previous  case,  to  illustrate  what 
wide  variations  are  introduced  by  wrong  methods,  and  how  utterly  fal* 
lacious  a  test  for  the  correctness  of  an  analysis  is  the  agreement  of  du- 
plicates when  the  process  i^  not  certainly  correct. 

No.  Matorlalf.  Moisture.  Extract. 

I.  Wheat 12.75  1 .83-2.05-2.10-2.33-3.40- 

2.41-2.47—2.78 

III.  Wheat  Shorts 1 1 .31  3.45-3.56-3.84-4.09 

VII.  New  Process  Flour.  13.50  2.0U2.04 

VIII.  No.  1  Flour If M  1 .35-1 .44-1 .5 1 

IX.  No.  2  Flour 12.46  1.1 5-1 .22-1. 28 

XII.  Barley  Feed 9.85  4.50-5.53 

Xill.  Timothy  Hay 3.45  1.92-2.98 

XIV.  "  2.73  2.39-2.49 

XXV.  Linseed  Powder....  7.54  37.16-37.24 

100.  Dry  Ground  Fish. . .  14.64  1 1.80-12.37 

189.  Dry  Fish  Scrap. ..  .11.00  12.27-12.68 

131.  Half-dry  Fish  Scrap. 25.10  16.22-17.92 

197.  "  '*         .5683  18.74-18.98 

The  amounts  of  extract  obtained  by  this  method,  as  compared  with 
the  other  two,  are  illustrated  by  the  following  figures  from  table  II : 

Extract  obtained. 
No.  Moisture,  per  cent      ut  Method.       8d  Method.        8d  Method. 

I.  Wheat 12.75  100  104  160 

VU.  New  Process  Flour. .  13.30  100  119  1 56 

VIII.  No.  1  Floul- 11.98  100  137  170 

XV.  Timothy  Hay 5.48  100  140  306 

XVI.                "         3.88  100  105  123 

XVII.  Clover  Hay 3.22  100  132  173 

XXn.  Fodder  Corn 3.29  100  114  228 

XXVII.  Linseed  Cake 9.13  100  102  104 

XXXV.  Linseed  Powder 7.54  100  100  101 

Milk —  100  —  99 

10.  Dry  Ground  Fish...  18.74  100  170  185 

100.           "             **        ...14.64  100  146  170 

189.  Dry  Fish  Scrap 11.00  100  144  15! 

197.  Half-dry  Fish  Scrap. 56.83  100  112  121 

By  the  second  method,  with  water  in  the  substance,  there  was  an 
excess  of  extract  over  that  obtained  where  no  water  was  present.  And 
just  as  might  be  expected,  by  the  third  method,  where,  in  addition  to 
the  water  in  the  substance,  there  were  also  water  and  alcohol  in  the 
ether,  the  extract  is  still  greater. 

Since,  as  we  have  said,  both  the  true  fats  and  the  other  compounds 
which,  occurring  with  them,  have,  on  account  of  similarity  of  composi- 
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tion,  physiological  function  or  technical  use,  a  right  to  be  classed  with 
them,  are  freely  soluble  in  ether,  the  excess  dissolved  by  the  water  and 
alcohol  has  no  right  to  be  classed  as  fat,  or  even  as  *'  ether  extract." 
The  amount  these  foreign  matters  obtained  from  oil-seeds,  oil-cake,  and 
milk,  was  inappreciable  ;  in  the  hay,  grain  and  milling  products,  it  was 
sometimes  small,  and  sometimes  as  large  or  even  twice  as  large  as  the 
amount  of  fats  proper.  In  the  fish  scrap,  likewise,  it  was  such  as  to  make 
the  results  of  the  analyses  from  10  to  100  per  cent,  higher  than  they 
should  be.     We  are  therefore  warranted  in  concluding  that,  in  general : 

In  the  quantitative  estimation  of  fats  with  ether^  not  only  should  ths 
substance  be  dried,  but  the  ether  must  be  pure.  The  omission  of  either 
of  these  precautions  brings  other  compounds  into  the  extract,  and  renders 
the  results  inaccurate  and  unreliable. 

The  Method  of  Drying  the  Substance  may  be  important  for  the  deter- 
mination of  both  moisture  and  fat.  The  following  case  is  in  point. 
The  dryings  were  made  at  100°  in  air  and  in  hydrogen  : 

MciiSTUSv.  Fat. 

No.  XXXV.  Linseed  powder,  dried  in  air 5.48  p.  c.      20  79  p.  c. 

"  "  "       Jiydrogen.  7.54   "         37.00  *' 

The  larger  amounts  of  water  and  fat  obtained,  when  dried  in  hydro- 
gen, are  easily  explained  on  the  assumption  that  the  oxidation  of  the 
oil  in  drying  in  air  counterbalanced  part  of  the  loss  of  water,  and  ren- 
dered a  portion  of  the  oil  insoluble  in  ether.  The  C(»rrectness  of  this 
assumption,  and  the  substances  whose  drying  in  hydrogen  is  necessary, 
are  now  being  investigated. 

The  Fineness  of  Grinding  necessary  in  preparing  substances  for  ex- 
traction with  ether  has  been  tested  in  some  of  the  coarser  samples.  All 
of  the  materials,  except  the  milling  products,  Nos.  III-X  and  No.  XXV, 
were  finely  ground  in  a  mill  made  for  this  purpose.*  No.  Ill  was  a 
very  coarse  wheat  bran.  Its  particles,  tested  by  one  of  the  selves  de- 
vised by  Prof  Nobbe,  of  Tharand,  for  sifting  seeds,  were  from  1.5  to 
3  mm.  in  diameter.  Nos.  IV,  XI,  XII,  XXXV,  and  XL  were  finer, and 
had  no  particles  larger  than  1.5  mm.  diameter. 

Samples  as  below  were  ground  in  purified  sand,  and  parallel  deter- 
minations made  with  these  and  other  portions  as  they  came  from  the 

mill.     Results  as  below  : 

Not  oround  Ground 

with  band.  with  band. 

No.         III.  Wheat  Shorts  (Bran)  ...     2.60  p.  c.  2.78  p.  c. 

IV.  No.  2  Middlings 3.05    **  3.04   " 

XL  Rice  Feed 1.90    "  1.92   " 

Xn.  Barley  Feed 3.59    "  3.58   *' 

"  XXXV.  Linseed  Powder 37.00    "  3«  9fi   " 

XL.  Turnip  Seed  Powder ....  42.04    "  42.04" 


* 


By  Mechanicus  Apel,  in  Qottingen,  Germany. 
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The  only  sample  in  which  the  extract  was  increased  by  grinding 
with  sand  was  the  coarse  wheat  bran,  whose  particles  were  from 
1.5  to  3  mm.  diameter.  The  others,  in  which  some  of  the  particles 
reached,  but  none  exceeded  1.5  mm.  diameter,  were  completely  ex- 
tracted. It  would  appear,  then,  that  if  the  sample  is  ground  so  that 
none  of  its  particles  exceed  1.5  mm.,  further  grinding  is  not  necessary. 

In  Conclusion.  The  figures  cited  above  show,  that  with  water-free 
substance  and  absolute  ether  less  extract  is  obtained  than  is  ordinarily 
given  in  analyses  of  like  materials.  But,  using  air-dry  substance  and 
ordinary  ether — as  is,  to  say  the  least,  often  practiced  in  this  country 
and  in  Europe — we  do  not  find  it  difficult  to  obtain  results  comparable 
with  any  that  can  be  adduced. 

The  main  results  of  this  investigation  may  be  briefly  stated  as 
follows : 

1.  For  correct  estimations  of  fats  by  ether  ^  it  is,  in  general,  necessary 
to  use  dry  substance  and  pure  ether.  Where  either  of  these  precautions  is 
neglected,  substances  are  brought  into  the  ether-extract,  which  do  not  belong 
there^  and  the  results  are  rendered  inaccurate  and  unreliable. 

2.  The  ether  may  be  purified  sufficiently  by  treatment  with  calcium 
chloride  and  distillation  at  3G°  centigrade.  Substances  that  alter  in  com- 
position or  solubility  on  heating  in  air  should  be  dried  out  of  access  of  air. 

3.  The  substance  should  be  ground  fine  enough  to  leave  no  particles 
more  than  1.5  mm,  diameter, 

4.  Sufficient  substance  should  be  taken  to  furnish  0.07 — 0.1  grm,  or 
more  of  extract. 

5.  From  15  c.c.  to  30  c.c,  of  ether  suffice  for  one  determination. 

6.  One  hour  or  less  is  generally  sufficient  for  the  extraction, 

7.  With  apparatus,  as  above  described^  arranged  for  eight  extractions 
at  once,  it  is  easy  to  maJce  eight  determinations  per  day. 

ANALYTICAL   DETAILS. 
A.  Moisture. 


Number. 

Subslanee 
taken, 
air-dry. 

Yielded 

substance, 

water-fr»*e. 

Waier-free 
substance, 
pi-r  cent. 

• 
U 

1 
1 

Substance 

taken, 

air-dry. 

Yielded 
substance, 
water-free. 

Water-free 
substance, 
per  cent. 

Number. 

Substance 
taken, 
air-dry.         j 

Yielded 
substance, 
water-free . 

Water-fiee 
substance, 
per  cent. 

I... 

8.608 

2  271 

87.25 

XII.... 

8,048    2.74S    90.15 

XXIII.... 

8.287 

8.084  ;  95.27 

11.... 

8.181  1  2.751 

S6.4.S 

XUI.... 

2.969    2  857    96.65 

XXIV.... 

8.657 

8.893  1  92.78 

III.... 

2.«71  ,  2.889 

S8.69 

XIV  ... 

4.027    8.917  .  97.27 

XXV.... 

4.279 

8.971     92.80 

IV.... 

2.M2  1  2  240 

87.78 

XV  ... 

8.122    2.951  1  94.52 

XXVI.... 

8.5S7 

8.81(1    92.27 

v.... 

2.881     2.t'»5 

S8.68 

XVI.... 

2.782  :  2.626  '  96.12 

XXVII.... 

18.4 10* 

12.198  1  90.82 

VI.... 

4.404    8.860 

87.65 

XVII.... 

8.446  1  8.885  ,  96.78 

9.S80* 

'    8.519  1  90.92 

VII.... 

8.r>26    8.050 

86  50 

XVllI.... 

4.127 

8.872 

98.82 

JmJ^AiV   •••• 

4.880* 

4.511  ;  92.44 

vm.... 

8.941 

3.469 

8?s.02 

^W  A^L  ■  •  •  • 

4.452 

4.371 

98.18 

6.214* 

5  746    92.47 

IX.... 

8.516 

8.078 

87.54 

XX.... 

8.697 

8.564    96.40 

XXXV. ... 

18.220 

17.222 

94.52 

X  ... 

4.489 

3.9S2 

89.70 

A  A  L  •  •  •  ■ 

8.727 

8.»?82  1  97.46 

XL... 

19.484 

lb.296 

94.14 

XI  ... 

2.045 

1.786 

84.89 

XXII.... 

2.401 

2.822    96.71 

1 

*  I 

»r{ed  in 

hydro{ 

fen. 

1 
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B.  Fat  Dbtbbminationb. 


Fir$t  Method, 

1          Second  Method.           | 

,                                                                                           1 

Third  Method. 

• 

ii'  -i 
1%    1 

a 

• 

'Is 

-2 

a 

£  0 

-8 

3 

1 

ft: 

1 

'gS  '    -§ 

t 

'  .^8 

"si-ri 

■§ 

^,1*8 

^ 

0 

9t 

a 

S5 

^    ■  fa 

7.611  0.109 

£ 

1.46 

^  s 

.fci3 

1 

0.098 

1 

fa 

0  086 

OB 

1 

fa 

2.06 

X  •  • .  • 

7.270 

6.848 

1 

1.47  1  2.010 

1 

1.764 

8.888  0.127 

1.48  11.022 

9.617 

0.146    1.62     8.877 

8.883 

0.062 

1.83 

•  •  •  • 

.... 

.... 

1.626 

1.418 

0.036 

2.47 

•  •  •  • 

.... 

.... 

;   1.672 

1.459 

0.084 

2.83 

.... 
• .  •  • 

•  •  •  • 

•  •  •  • 

•  •   •   « 

• .  ■ . 

.... 

«... 

•  •  • 
.  .  .  • 
.    •  .    a 

1.728 

....1 1.118 

1 1.981 

1.608 
0.971 
1.615 

0.038 
0.027 
0.089 

2.19 
2.78 
2.41 

....     .... 

....  1 

A     *     •     • 

.... 

...      . .    .     1.670 

1.467 

0.086 

2.40 

II.... 

8.026  0139 

1.78 

6.766 

6.861 

0.106    1.81  ,  2.124 

1.837 

0.084 

1.86 

7.279  0.121 

1.66 

7.772 

6.721 

0.126    1.87     2.100 

1.816 

0.039 

2.15 

•      •      •      • 

» « .  • 

•   •   •   • 

1.667 

1.442 

0.029 

2.01 

•  •  •  • 

.  •  ■  • 

•      •       • 

•   .   a    . 

•  •   •  • 

1.658 

1.347 

0.027 

2.00 

III. .  .  . 

4.687  0.118 

2.67 

6.879 

4.811 

0.119    2.49  1  2.371 

2.108 

0.066 

4.09 

6.494  0.171 

•  •«•           •••• 

2.63 

•  •  •  ■ 

6.882 

.  ■ . . 

6.104 

•  •  •  • 

0.169    2.61  '  1.170 
1.111 

1.038 
0.985 

0.087 
0.084 

S.56 
3.45 

•  •  •  • 

... 

•   •   •   • 

.... 

•   ft    •    • 

........     1.851 

1.198 

0.046 

3.84 

IV.... 

6.274  0.160 

8.08 

6.696 

6.S76 

0.176    8.00.  1.916 

1.680 

0.078 

4.36 

7.846  0.226 

8.06 

4.919 

4.816 

0.181 

8.03  .  1.268 

1.104 

0.062 

4.71 

.... 

.... 

.... 

•  • . . 

.... 

•  •   •   • 

....     2.170 

1.904 

0.086 

4.46 

V    ...   a 

6.274  0.128 

2.88 

6.404 

6.679 

0.148,  2.62  '  1.158 

1.027 

0.028 

2.24 

6.126  0.148 

2.83 

7.878 

6.982 

0.178'  2.66  >  1.888 

1.227 

0.034 

2.77 

VI.... 

11.801  0.167 

1.42 

10.081 

8.792 

0.118    1.84  !  2.128 

1.865 

0.088 

1.77 

10.748  0.162 

....     .... 

1.41 
.... 

11.802 

.    •    a    a 

9.9U6 
•  • . . 

0.160 

ft   ft   •   • 

1.51  ;  2.774 
2.093 

2.48  L 
1.885 

0.042 
0.029 

1.78 
1.58 

VII.... 

8.411,0.110 

1.81 

7.887 

6.779 

0.108 

1.52  1  1.954 

1.690 

0.084 

2.01 

7.726  0.099 

1.28 

10.076 

8.716 

0.137^  1.67     2.044 

1.768 

0.086 

2.04 

VIII. . . . 

9.963  0.084 

0.84 

7.986 

7.029 

0.081 

1.16     1.128 

0.998 

0.016 

1.51 

8.806  0.069 

0.88 

. . .  > 

8.802 

«... 

7.802 

. . .  • 

0.089 

•    •   ft   • 

1.14     1.664 
....       2.294 

1.632 
2.019 

0.022 
0.029 

1.85 
1.44 

A^V  ...    a 

9.861  0.060 

0.61 

8.894 

7.848 

0.086 

1.17.  1.954 

1.719 

0.021 

1.22 

6  397  0.043 

0.67 

8.478 

7.421  0.099 

1.83,  1.967 

1.722 

0.022 

1.28 

.... 

*  •  • . 

•   •  ■   • 

•   •   •   • 

•  •   •   • 

•   •  •  ft 

.... 

1.787 

1.564 

0.018 

1.15 

JL  .... 

9.287 

0.109 

1.16 

9.890 

8.871  0.106 

1.19 

1427 

1.280 

0.020 

1.66 

7.262 

0.086 

1.17 

7.086 

6.356  0.081 

1.27 

1.686 

1.467 

0.021 

1.43 

•  •  • 

•   •   •  • 

• . . « 

•    •    •    a 

•  •  •  ft 

.... 

0.980 

0.879 

0.012 

1.87 

^\  1  ...   * 

6.983.0.116 

1.92 

6.288 

4.489 

0.089 

1.98 

5.460 

4.636 

0.146 

316 

6.786 

0.127 

1.87 

8.062 

6.844 

0.129 

1.88 

6.679 

6.670 

0.182 

2.33 

XII.... 

6.167 

0.187 

8.62 

6.076 

6.478 

0.286 

4.8  L 

4.756 

4.288 

0.287 

5.58 

6.766 

0.206 

8.66 

8.178 

7.872  0.287 

8.89 

6.232 

5.618 

0.253 

4.50 

XIII. . . . 

8.817 

0.068 

1.90 

d.97" 

8.838  0.082 

2.14 

8.993 

8.666 

0.116 

2.98 

8.680 

0.070 

1.90 

2.696 

2.606 

0.060 

2.00 

2.698 

2.605 

0.050 

1.92 

XIV. . . . 

8.080i  0.042 

1.86 

3.896 

8.790 

0.082 

2.19 

4.266 

4.189 

0.108 

2.49 

2.973;  0.041 

1.38 

3.318 

8  227 

0.043 

1.33,  4  941 

4.806 

0.118 

2.89 

Jw V  .... 

8.428 

0.064 

1.67 

4.368 

4.114  0.098 

2.26     3.767 

8.661 

0.156 

4.68 

3.286 

0.068 

1.61 

6.725 

5.411 

0.119 

2.20  1  4.060 

3.828 

0.196 

6.12 

XVI.... 

2.786 

0.058 

1.90 

4.122 

8.962  0.086 

2.17'  3.608 

8.873 

0  068 

2.02 

8.664 

0.064 

1.88 

4.602 

4.423 

0.080 

1.81  1  4.123 

3.9  \0 

0.106 

2.66 

XVII. . . . 

6.264 

0  087 

1.66 

7.991 

7.7»4 

0.162 

2.09     3.951 

3.824 

0.114 

2.98 

1  4.860 

0.076 

1.'22 

6.412 

6.238 

0.124 

2.37 

4.483 

4.290 

0.128 

2.87 

QUANTITATIVE  DETERMINATION  OF  FATS. 


97 


B.  Fat  Dbterminations — continued. 


1 

1 

1 

First  Method. 

1 

Second  Method. 

Third  Method. 

1 

• 

t.          > 

s 

• 

c 

1 

i 

II 

free  eub- 
e  calcu- 

* 

btaincd. 



8 
t 

4i% 

1 

• 

a 

0) 

0 

^           1 

u  o 
6.443 

o 

1 

s, 

1 

2.09 

11 

<  • 
6.152 

Water- 
stanc 
lated 

0 

OD 

I 
lM53 

3  818 

ill 

0 

Cl 

XVIII.... 

0.114 

4.884  ( 

8.16 

8.682  , 

0.124    8.46 

4.491  0.096 

2.14 

4.638 

4.268  10.188 

8.24 

4.228    8.962  0  122    8.08 

JL  I.&.  •  •  • 

3.892  0.066 

1.67 

6.878 

6.280  0.101 

1.91 

6.826    6.211 

0.1P7    8.01 

4.167  0.071 

1.70] 

4.867 

4.769  0.091 

1.91 

4.192    4.119 

0.113    2.75 

Jv.^  •  •  .  . 

2.968<  0.062 

1.761 

6.497 

6.299  0.096 

1.79 

2.966    2.869 

0.079    2.76 

8.988,0.067    1.68' 

4.982 

4.808  0.086 

1.79 

4.(»48    3.902  0.097    2.49 

.A.^1  •  ■  •  . 

8.493  0.061 1  1.46! 

4.153 

4.047  i  0.057 

1.41 

0.745i  0.726  0.024    8.81 

8.064 

0.047 

1.68 

8.431 

8.844  0.047    1.41  i 

0.781;  0.761 

0.026    8.43 

•    ■   «    • 

•  •  •   • 

.... 

. . .  • 

.  *  ■ . 

1 

0.697    0.679 

0.021 

8.09 

XXII.... 

2.163 

0.029 

1.34! 

8.699 

8.677 

0.056,   \.k\ 

0.904    0.874  0.025;  2.86 

1 

8.168 

•   •  «  • 

0.040 

•   •   •    • 

1.26 

...» 

2.856 1 

•  •  •   • 

2.278  ,0.088 
....     .... 

1.44 

. .  • . 

0.640    0.624 
0.518:  0.496 

0.019;  8.04 
0.016    8.02 

XXIII..  r. 

8.609 

0.036 

1.00 

3.486 

8.278  0.038 

1.01 

0.662    0.621 

0.016'  2.56 

1 

4.078 

.  • .  • 

0.041 

•  ■  •  ■ 

1.01 

■  «  ■  . 

8.834 
.... 

8.658  0.037 

1.01 

. . .  • 

0.687f  0.612 
0.449;  0.428 

0.018    2.54 
0.011    2.67 

XXIV.... 

7.690 

0.166 

2.08 

4.629 

4  202  0.108 

2.46 

4.960;  4.698 

0.127 

2.77 

1 

6.579 

0.184 

2.04 

5.168 

4.795  0.118 

2.46 

8  986    8.698 

,0.102 

2.76 

JL2L  V  .  •  •  . 

8.668 

0.066 

1.82 

4.762 

4.419  ,0.096 

2.17 

6.765t  6.860 

0.117 

2.19 

4.704 

0  0R6 

1.88 

6.217 

5.679  0.120    2.11 

3.992'  8.706 

0.086 

2  82 

XXVI  .. 

8.721 

0.064 

1.72 

4.084 

8.722  0.069 

1.86 

4.688i  4.228 

0.ri92    2.18 

1 

4.606 

0078 

1.67 

4.068 

3.744  0.077 

2.06 

2.829!  2.610 

0.056    2.16 

XXVII.... 

10.212 

1.840 

18.12 

12.150 

1 1.080 1 1.473 

18.36 

6.878    6.246 

0.868  18.65 

8.62  L 

1.128 

18.24 

8.669 

7.868  1.060.18.47 

7.641    6.858 

0.986  18.66 

XXXV 

4.604 

1.670 

87.08 

7.827 

6.775  2.518|87.17 

10.249    9.476 

H.629  87.24 

6.734 

2.117 

36.92 

18.886 

12.880  3.644 

87.02 

8.846    7.716 

2.867  87.16 

Milk* 

26.710 

1.107 

4.81 

•  «   •  • 

•••■   |.... 

•  •  •  • 

26.710    

1.100    4.28 

26.710 

1.109 

4.31 

•  •  ■  « 

1 

.*•■     :*■«. 

■   •   •   • 

26.710    . 

1.092'  4.25 

XL. . . . 

8.698 

8.667 

42.04 

10.824 

10.190  14.879  42.97 

5.658 

5.822 

2.281  42.86 

,  9.662 

402042.04 

6.081 

5.725:2.610  43.84 

,  6.641 

6.262 

2.67l|42.72 

10 

8.660 

0..'i74 

6.7  i 

4.868 

....    0,608' 11.58 

6.480 

•  •  •  • 

0.787 

12.42 

6.224 

0.428 

6.71 

4.828 

•  •  •  • 

0.496  11.47 

6.986 

9  •   •   • 

1.12612.58 

24 

1  7.430 

0.470 

6.88 

8.869 

• . . . 

0.896  10.28 

5.656 

•  •  «  • 

0.6091 10.77 

8.276 

0.628 

6.38 

4.640 

•  •  ■  • 

0.490  10.66 

6.178 

•   •  •  « 

0.725 

14.00 

100 

1  6.979 

0.686 

7.68 

4.667 

.... 

0.499 

10.96 

2.610 

•   •   •   • 

0.808 

11.60 

6.387 

0.491 

7.68 

6.098 

.... 

0.681 

11.40 

2.821 

•  •  •  • 

0.849 

12.87 

181 

1  2.190 

0.268 

12.00 

8.698 

.  •  • . 

0.667 

13.00 

5.080 

•  •  •  a 

0.824!  16.22 

!  4.849 

0.622 

12.00 

2.798 

....   jO.4 22  14.70 

8.694 

•  «  •  « 

O.6O2I17.92 

172 

6.619 

0.434 

6.66 

4.816 

....    0.416 

8.60 

5.666 

•  •  •  • 

0  466 

7.76 

,  6.465 

0.360 

6.62 

8.921 

,0.887 

8.59 

1  4.668 

•  •  a  • 

10.481 

9.61 

179 

4.205 

0  166 

8.92 

8.723 

.... 

0.169 

1    4.53 

,  6.646 

•  •  •  • 

0.241 

4.66 

4.817  0.186 

8.98 

6.134 

....   jo 226 

•    4.40 

4.982 

•  «  •  • 

iO.225 

4.27 

186 

6.06«J 

0.872 

7.81 

1  6.662 

.    ....   l0.42fi 

7.51 

4.569 

•  •  •  • 

;  0.437 

9.66 

4.77-2 

0.349 

7.36 

6.168 

'  1       •   •   •  • 

0.478;  7.60' 

4.422 

•  •  •  • 

0.422 

9.54 

189 

.  4.806 

0.400 

8.32 

4.94C 

(1 

'        •  •   •   • 

0.54 )  10.93 

4.507 

•  •  •  • 

;0.563 

12.27 

!  8.402 

0.282 

R.29 

I  3.64e 

•  •  •  • 

0.467  12.86 

2.879 

•  •  •  ■ 

,0.865 

12.68 

197 

4.097 

o.64l']6  66 

6.441 

•  •  •  • 

0.975  17.79 

5.293 

•    a    • 

0.992 

18.74 

6.966 

0.983!  16.6S 

i  6.618 

> 

•  •  •  • 

l.OSO  17.18 

6.679 

■    •    •   • 

11.078 

18.98 

208 

8.12« 

0.280 

8.96 

!  4.144 

•  •  •  • 

0.477  11.61 

3.970 

•    •    •    • 

'0.469 

11.81 

. 

4.908 

1.0261  8.9S 

'  4.6i8 

1' 0.640  11.66 

4.281 

•    •    •    • 

0.506 

11.82 

*  The  weights  of  milk  taken  refer,  10  each  case,  to  fresh  milk  26  c.c. 
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Ground  with  Sand. 


jnr$t  Method. 


s  ? 

-^  J* 

• 

s^ 

tm 

h 

9i 

"n  « 

^ 

■^  S 

B 

0 

«  a 

SZ5 

It- 

III. . . . 

5.606 

• 

6.727 

IV. . . . 

5.961 

5.086 

XI.... 

6.508 

5.012 

XII. . . . 

7.015 

5.208 

XXXV.... 

9.058 

7.807 

XL.... 

6.014 

4.901 

• 

. 

*» 

V 

a 

a» 

4> 

a 

U 

•a 

b 

1 

2, 

o 

-S 

s 

«8 

« 

CS4 

fo 

0.160 

2.83 

0.184 

2.78 

0.181 

8.04 

0.153 

8.04 

0.127 

1.95 

0.094 

1.88 

0.247 

3.52 

0.189 

8.63 

8.852 

87.01 

2.696 

86.90 

2.580 

42.07 

2.059 

42.01 

XXI. — Upon  the  Presencs  of  Nitric  Acid  in  Healthy  Urine,  with 
A  Method  for  its  Accurate  Determination. 

BY  ALBERT  R.  LEEDS,  Ph.D. 
(Reftd  At  the  Febmary  Meeting.) 

In  the  process  of  some  experiments  upon  the  relative  amounts  of 
oxidized  and  non-oxidized  compounds  in  potable  waters,  it  became  of 
much  importance  to  determine  the  nature  of  this  relation  in  the  case  of 
urine,  which  is  one  of  the  organic  impurities  sometimes  present.  It  had 
been  shown,  that,  in  the  case  of  the  Passaic  water,  the  amount  of  nitric 
acid  present  was  ten  times  that  of  the  free  and  albuminoid  ammonia. 
A  similar  relation,  probably,  exists  between  the  oxidized  and  non  oxi- 
dized nitrogenous  compounds  in  many  other  natural  waters. 

The  question  arises,  what  becomes  of  the  nitrates  used  for  alimenta- 
tion, after  their  absorption  in  the  human  system  ?  In  their  passage 
through  the  system,  do  the  nitrates  undergo  reduction,  and,  if  not  as- 
similated, are  they  voided  as  non-oxidized  nitrogenous  compounds,  or 
do  they  reappear  to  some  extent  in  the  urine  ? 

It  is  stated  by  Dr.  William  Allen  Miller  (Elements  of  Chemistry, 
Part  III,  p.  8 J  5),  that  "  the  quantity  of  sulphuric  acid  in  the  urine  is 
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mainly  influenced  by  the  proportion  of  azotized  food  taken ;  this  acid, 
indeed,  appears  to  be  derived  principally  from  the  sulphur  contained  in 
the  albuminoid  compounds  assimilated  from  the  food.  When  a  mixed 
diet  was  used,  Lehmann  found  the  amount  of  sulphuric  acid  excreted 
daily  to  amount  to  108  grains ;  with  an  animal  diet  it  rose  as  high  as 
165  grains,  and  when  a  purely  vegetable  diet  was  consumed,  the  quan- 
tity of  sulphuric  acid  excreted  in  the  twenty>four  hours  fell  to  90 
grains."  The  production  of  sulphuric  acid  is  here  ascribed  to  the  oxi- 
dation of  the  sulphur  in  the  food,  no  account  whatever  being  taken  of 
the  sulphates  present  as  such  in  the  waters  drank.  In  fact,  in  any  case, 
the  amount  of  sulphuric  acid  derived  from  this  source  would  be  but  a 
small  portion  of  the  total  amount  usually  present  in  urine. 

According  to  the  analysis  of  Dr.  Miller,  urine  contains  in  1000  parts 
43  parts  of  solid  matters,  of  which  1.7  parts  are  sulphuric  acid.  No 
mention  is  made  of  the  presence  of  nitric  acid  in  any  of  the  analyses 
given  in  books,  to  which  I  have  had  access.  But,  from  the  point  of  view 
taken  above,  I  felt  unwilling  to  concede  the  absence  of  nitric  acid  in  the 
urine,  until  I  had  submitted  this  question  to  a  method  of  inquiry  a  re- 
cent discovery  had  put  into  my  hands.  (See  ^*  Contributions  from  the 
Laboratory  of  the  Stevens  Institute  of  Technology,"  1878.) 

To  the  contents  of  a  retort,  previously  freed  from  all  traces  of  pre- 
existent  ammonia,  by  distilling  in  it  pure  water  until  no  further  traces 
of  ammonia  were  obtained,  1.023  gramme  of  fresh  healthy  urine  was 
added,  and  the  distillation  continued.  The  distillates  were  collected  in 
portions  of  100  c.c.  and  50  o,e.y  and  the  amount  of  ammonia  in  each 
distillate  separately  determined.     The  results  were  as  follows  : 

(1) ....  100  c.c.=0.24  mgrm.        (9) 100  c.c.=0.08  mgrm. 

(2)....  50c.c.=0.12  "  (10)....  100  C.C  =0.09  " 

(3)....100c.c.=0.16  "  (ll)....100c.c.=0.08  " 

(4)....  50c.c.=0.105  "  (I2)..,.100c.c.=0.085  " 

(5) 50c.c.=0.12  "  (13)....  100  c.c. =0.08  « 

(6)....100c.c.=0.17  "  (14)....100c.c.=0.09  " 

(7)....100c.c.=0.13  "  (15)....100c.c.=0.085  " 

(8)....100c.c.=0.09  "                                        

•     • 

Total  amount  evolved  in  15  distillations  was  1.725  mgrm.  While 
these  results  were  of  value  by  showing  that  on  boiling  alone  urine 
underwent  a  very  slow  decomposition  with  the  evolution  of  slowly 
diminishing  amounts  of  ammonia,  yet  the  progress  being  tedious,  it 
was  decided  to  accelerate  the  decomposition  by  the  addition  of  a  gramme 
of  sodium  carbonate. 

8 


100  NITRIC  ACID   IN  HEALTHY   URINE. 

(1)..  ..100  c.c.=:0.075  mgrm.  (21-30). 1000  c.c.  =  1.80mgrm. 

(2)....      "       =0.24        "  (31-39).  900c.c.  =  1.17      '* 

(3-10). 800  c.c.= 1.44        "  (40-48).  900  c.c. =0.765    " 

(ll)....100c.c.=0.185      "  (40)....   100  c.c.=0.085    " 


(12).... 

(( 

=0.175 

it 

(50).... 

« 

=0.07      " 

(13).... 

<» 

=^0.18 

it 

(51).... 

(( 

=0.05      " 

<14).... 

U 

=0.16 

i( 

(52).... 

(( 

=0.04      " 

^15).... 

n 

=0.24 

u 

(53).... 

(( 

=0.03      " 

<16).... 

it 

=0.17 

ti 

(54).... 

(( 

=0.045    " 

^17).... 

u 

-0.155 

(( 

(55) .... 

« 

=0.045    " 

(18).... 

u 

=0.145 

(( 

(56).... 

(( 

=0.0425  " 

(19).... 

u 

=0.175 

(t 

.(20).... 

ii 

=0.17 

u 

7.1525  mgrm. 

Although  it  would  have  been  more  satisfactory  to  have  continued 
liie  distillations  with  sodium  carbonate,  until  there  was  no  further  evo- 
lution of  ammonia,  yet  at  the  end  of  56  distillations  the  process  was 
interrupted,  and  0.87  per  cent,  was  assumed  to  represent  the  percentage 
of  ammonia  ^iven  off  by  urine  on  boiling  alone  and  with  sodium  car- 
bonate very  nearly. 

The  distillation  was  then  recommenced,  after  the  addition  of  50  c.c. 
of  a  solution  of  potash  and  potassium  permanganate. 

(I) 100  c.c.=0.32  mgrm.         (13) 100  c.c.=0.06  mgrm. 

u 
ti 
(( 
(I 
ii 

it 
U 
it 


(2).... 

i< 

=0.11 

it 

(14).... 

<i 

=0.06 

(8). . . . 

« 

=0.07 

it 

(15).... 

C< 

=0.05 

(4).... 

=0.05 

4f 

(1«).... 

u 

=0.06 

(5).... 

=0.055 

(( 

(17).... 

%i 

=0.035 

(6).... 

=0.035 

« 

(18).... 

it 

=0.02 

(7).... 

=0.04 

it 

(19).... 

it 

=0.02 

(8).... 

=0135 

ti 

(20).... 

it 

=0.02 

(9).... 

=0.04 

ti 

(21).... 

it 

=0.02 

(10).... 

=0.035 

U 

(22).... 

ti 

=0.005 

<11).... 

U 

=0.035 

a 

<12).... 

ti 

=0.035 

a 

1.31  1 

In  other  words,  0.13  per  cent,  of  ammonia  was  obtained  by  the  de- 
'oomposition  of  the  nitrogenous  compounds  in  urine,  which  had  resisted 
the  action  of  boiling,  alone  and  with  sodium  carbonate. 

Six  grammes  of  zinc  were  digested  with  a  slightly  warmed  solution 
of  neutral  cuprio  sulphate,  and  after  careful  washing,  the  residue,  to- 
gether with  the  freshly  precipitated  copper,  introduced  into  the  retort. 
The  distillation  was  then  continued  with  the  following  results : 


<2)... 
(3)... 
(4)... 
(5)... 
(6)... 
(7)... 
(8)... 
(9)... 
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100  c.c— 0.10  mgrm.        (10) 100  c.c.=0.0325  mgrm. 

'*       =0.03     "  (II)...,      «       =0.00 

"       =0.025   "  (12)....      **       =0.065 

"       =0.0125"  (13)....      «       =0.0225 

"       =0.04     "  (14)....      "       =0.0005 

«       =0.16     "  (15)....      "'      =0.0000 

"       =0.07     «  (16)....      "       =0.0000 


4( 

it 
(( 
(( 


"       =0.12  

«       =0.0575**  0.7955  mgrm. 


But  by  previous  determinations  it  had  been  found  that  50  c.c.  of  the 
permanganate  solution  yielded,  when  treated  with  excess  of  zinc  and 
copper,  0.29  mgrm.  ammonia,  which,  subtracted  from  the  preceding 
result,  gave  for  the  ammonia  due  to  the  reduction  of  the  nitrates  in  the 
urine  0.5055  mgrm.,  corresponding  to  1.887  mgrm.  nitric  acid,  or  0.18 
per  cent. 

I  find  in  the  Proceedings  of  the  Royal  Society  for  1854~'55  (vol. 
VII),  a  memoir  by  Dr.  Bence  Jones  "  On  the  Oxidation  of  Ammonia 
in  the  Human  Body,"  in  which  he  states  that  in  the  last  edition  of  Prof. 
Lehmann's  Animal  Chemistry,  vol.  II,  p.  363,  a  very  decided  opinion  is 
expressed  against  a  conclusion,  to  which  he  had  arrived  in  consequence 
of  some  experiments,  published  in  the  Philosophical  Transactions  for 
1851. 

I  have  not  been  able  to  refer  to  the  original  article  by  Dr.  Jones, 
but  find  it  stated,  that  he  took  as  the  starting  point  in  his  research  his 
observation  to  the  effect,  that  the  urine  after  administration  of  doses  of 
carbonate  of  ammonia  does  not  manifest  an  alkaline  reaction,  while, 
when  doses  of  potassium  tartrate  are  administered,  it  does.  Hence  he 
inferred,  the  ammonial  salts  undergo  oxidation  in  the  system.  This  in. 
ference  he  claims  to  have  substantiated  by  the  application  of  the  indigo 
and  protosulphate  of  iron  tests,  and  also  that  of  starch,  potassium 
iodide  and  dilute  hydrochloric  acid.  It  is  well  known  that  a  mixture  of 
the  three  last-named  substances  give  a  dark-blue  color,  when  added  to 
a  solution  containing  a  very  slight  trace  of  nitrous  acid.  In  Dr.  Bence 
Jones'  experiments,  the  urine,  af^er  administration  of  ammonial  salts, 
was  distilled  with  sulphuric  acid,  and  the  distillates  treated  with  the 
above  test.  A  blue  color  was  developed,  which  Dr.  Jones  attributed 
to  the  presence  of  nitrous  acid.  The  ground  of  Prof.  Lehmann's  objec- 
tion was,  that  sulphurous  acid  was  probably  formed  as  well  as  nitrous  acid, 
and  that  sulphurous  acid  also  will  decompose  hydriodic  acid.  In  reply, 
Dr.  Bence  Jones  shows  that  sulphurous  acid  does  not  decompose  hydriodic 
acid,  and  that  Prof.  Lehmann  probably  fell  into  error  by  employing 
potassium  iodide  containing  iodate.     Moreover,  that,  so  far  from  sul- 
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phurous  acid  having  power  to  liberate  iodine,  it  hinders  its  liberation. 
The  formation  of  the  blue  color  is  prevented,  when  to  a  mixture  of 
potassium  iodide,  starch  and  dilute  hydrochloric  acid  containing  nitrous 
acid,  sulphurous  acid  is  added,  or,  if  sulphurous  acid  is  added  after  the 
blue  color  is  formed,  it  causes  the  color  to  disappear. 

It  may  be  considered,  then,  that  Dr.  Jones  has  disposed  of  the  ob> 
jection  urged  against  his  original  experiments,  and  has  established  the 
presence  of  nitric  acid  in  the  urine,  after  the  administration  of  am- 
monial  salts.  But  the  statement,  that  I  have  myself  heretofore  made, 
that  nitric  acid  is  present  as  a  normal  constituent,  is  itself  open  to  the 
objection,  that  the  method  of  analysis  employed  may  be  fallacious;  in 
other  words,  that  the  nitric  acid  may  be  formed  during  the  course  of 
the  analysis  by  action  of  the  oxidizing  agent,  potassium  permanganate, 
employed.  It  is  desirable  to  settle  this  point  definitely  by  suitable  ex- 
periments.    In  the  meantime  it  may  be  urged : 

1st.  That  numerous  nitrogenous  compounds  have  already  been  sub- 
jected  to  this  trial,  and  do  not  appear  to  have  undergone  oxidation.* 

2d.  Artificial  urine,  subjected  to  the  action  of  a  reducing  couple  of 
copper  and  zinc,  did  not  yield  ammonia  in  quantity  sufficient  to  make 
it  probable,  that  the  ammonia  so  obtained,  was  derived  from  any  other 
source  than  traces  of  ammonium  salts  accidentally  present.f 

3d.  If  potassium  permanganate  oxidizes  the  nitrogenous  compounds 
to  the  form  of  nitric  acid,  then  Wanlyn's  and  Chapman's  method  for 
the  determination  of  albuminoid  ammonia  is  fallacious  to  a  correspond- 
ing extent.  In  any  experiment,  it  could  not  be  determined  what  frac- 
tion of  the  albuminoid  bodies  had  been  driven  off  in  the  form  of  "  al- 
buminoid ammonia,"  and  what  fraction  was  Ipft  behind  in  the  form  of 
nitric  acid.  But  it  will  be  seen  by  referring  to  article  entitled,  "  New 
Method  for  the  Estimation  of  Nitrates  in  Potable  Waters,"  this  journal,, 
that  the  amount  of  nitric  acid,  as  determined  in  potable  water,  after 
oxidation  by  potassium  permanganate,  was  nearly  identical  with  that,, 
obtained,  when  determined  in  the  ordinary  method,  and  consequently  in 
this  case  previous  oxidation,  if  any  such  occurred,  was  too  slight  to 
affect  the  values  found. 


*  Ber.  der  Deutsch.  Chein.  Gesell,  Vol.  X,  No.  11,  S.  Hoogewerff  and  H.  A,  \bxl 
Dorp. 

t  T.  E.  Thorpe,  Jour.  Chem.  Soc,  Vol.  XI,  1873,  p.  541. 
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XXIT. — CONTRIBUTIOXB   TO   BlOW-PIPK    ChEMIBTRT. 
THIRD  PAPER. — MISCELLANEOUS   K0TB8. 

BY  P.  CASAMAJOR. 


I.    The  Shortest  Pocket  Blow-pipe. 

Over  two  years  ago,  I  published  in  the  Chemical  News  (February 
4th,  1876),  and  in  the  American  Chemist  (December,  1875),  a  descHp- 
tion  of  a  blow-pipe,  which,  when  packed  for  the  pocket,  has  a  length  of 
4^  inches,  and,  when  adjusted  for  use,  gives  a  length  of  8  inches  from 
the  mouth-piece  to  the  tip  of  the  jet.  This  relation  of  4^  to  8  was  a 
trifle  less  than  that  of  any  pocket  blow-pipe  that  had  previously  been 
proposed. 

In  the  above  description,  as  published  in  the  Chemical  News^  occurs 
the  following :  ^'  If  the  stem  of  the  blow-pipe  is  made  in  two  pieces, 
while  the  jet  is  made  with  a  double  curve,  the  length,  when  put  up  for 
the  pocket,  can  be  reduced  to  3^  inches,  which  gives*  the  still  smaller 
ratio  of  3|^  to  8,  which,  I  believe,  has  never  before  been  attained.  I 
have  one  of  these  dimensions,  whose  stem  is  formed  of  two  conical  por- 
tions with  circular  sections.  When  packed  for  carrying,  one  cone  fits 
within  the  other,  and  the  curved  jet  fits  within  the  Inner  cone." 

As  neither  at  the  time  of  publishing  the  above,  nor  since  then,  have 
the  figure  or  a  detailed  description  of  this  blow-pipe  been  given,  I  pro- 
pose to  give  both  now,  as  I  believe  that  this  blow-pipe  still  enjoys  the 
distinction  of  being,  when  packed  for  the  pocket,  the  shortest  ever 
made.  In  figure  1,  it  may  be  seen  in  this  condition,  and,  in  figure  2,  it 
is  shown  as  arranged  for  use. 

In  this  figure,  we  may  see  that  the  stem  is  formed  of  two  conical 
tubes  A  and  B,  of  about  the  same  length.  The  small  end  of  A  enters 
into  the  large  end  of  B.  The  larger  end  of  A  is  left  open,  while  its 
smaller  end  is  closed  with  a  plate  having  a  hole  in  its  center,  to  allow 
the  passage  of  the  air  into  B.  The  conical  tube  6  is  also  open  at  its 
larger  end,  but  closed  by  a  plate  at  its  smaller  end.  About  half  an 
inph  from  the  smaller  end  is  an  opening  in  the  tube  6,  made  to  receive 
a  small  piece  of  pipe,  which  is  soldered  to  edges  of  the  opening,  and  to 
a  place  inside  of  the  tube  B,  diametrically  opposite  to  the  opening. 
This  short  piece  of  pipe,  which  serves  as  a  socket  to  receive  the  jet,  is 
provided  with  a  hole,  to  allow  the  air  to  escape  from  the  tube  B  into 
the  jet. 

A  blow-pipe  of  this  kind  is  very  easily  made  by  taking  two  ordina- 
ry jeweler's  blow-pipes,  which  cost  about  1 5  cents  a  piece,  and  filing  oflf 
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the  curved  portion.     Ibeie  remaina  two  straight  conical  tubes,  whicb 
are  placed  one  within  the  other.    We  may  then  cut  from  the  outside 
ng.  I-      tube  a  piece  about  3  inches  long,  from  "e  *■ 

<fmid«.)^  which  we  make  the  tube  A.      At  the  (»»"^>f) 

SRialler  end  is  soldered  a   perforated 
plate.    From  the  inside  tube  we  make 
the  pipe  B,  by  closing  its  smaller  end 
with  a  plate,   and  by  putting  a  rin 
I  around    its    larger   end.       This    ring 
'  answers  the  purpose  of  stitfening  this 
end,  and  keeping  its  shape  true,  and  it 
also  serves  to  take  hold  of  when  the 
tube  B  is  to  be  drawn  out  of  the  Cube 
A  (see  figure  1).     The  perforated  plate 
at  the  smaller  end  of  A  is  also  designed 
to  keep  this  end  from  deformation.     It 
also  serves  as  a  diaphragm  with  a  small 
perforation  to  divide  A  from  B,  which 
allows  the  stem  to  be  divided  so  as 
leave  a  lower  chamber,  which  some 
think  is  an  advantage  in  the  .case 
the    blow -pipe    of    Gahn,    commonly 
ascribed  to  Berzelius  or  Plattner. 
It  may  be  noticed  in  the  figures, 

that  the  larger    end  of   A   is  made 

thicker  than  the  rest  of  this  tube.  This  extra 
thickness  represents  a  silver  tube  soldered  over 
the  brass  tube  in  the  part  that  enters  in  the 
inouth. 

The  jet  is  made  from  a  piece  of  brass  tubing.  Before  curving  it,  it 
should  be  filled  with  rosin,  to  prevent  it  from  collapsing.  This  jet 
should  be  made  to  fit  very  accurately  in  a  larger  piece  of  tubing,  which 
is  afterwards  aoldered  in  the  tube  B,  to  serve  as  a  socket  for  the  jet,  as 
shown  in  figure  2.  To  prevent  ihe  jet  from  dropping  out  of  the 
inner  tube,  this  is  closed  with  a  cap,  the  edge  of  which  is  shown  in 
figure  1. 

II.  Charcoal  Borers. 
In  his  excellent  work.  On  the  Ute  of  th»  BUtw-pipt  in  Chemiea! 
Analy til  and  Mineralogical  Belerminaluitu,  BerzeUua  gives  a  charcoal 
borer,  which  is  remarkable  for  its  extreme  simplicity.  It  consists  in  a 
conical  tube  of  tin  plate,  open  at  both  ends,  these  ends  being  sharpened 
with  a  file,  so  as  to  present  two  circular  edees.      By   using  either  the 
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larger  or  smaller  end  of  the  cone,  we  may  bore  holes  of  two  different 
sizes  in  charcoal.  The  diameter  of  the  larger  end  is  about  half  an  inch, 
and  that  of  the  smaller  about  quarter  of  an  inch. 

This  borer  is  not  generally  known,  those  of  Plattner  being  the  only 
instruments  of  the  kind  in  general  use.  These  have  the  advantage  of 
making  a  hole  more  quickly,  and  they  never  leave  a  core,  which,  in  the 
case  of  the  tubular  borer,  has  to  be  removed  afterwards  witlf  some 
care.  Plattner's  large  borer  gives  a  cavity  with  a  rounded  bottom  like 
that  of  a  crucible,  which  is  often  an  advantage.  These  borers  of  Platt- 
ner are  somewhat  expensive,  and  also  quite  difficult  to  make,  so  that  if 
a  chemist  was  in  a  locality  where  they  could  not  be  bought,  he  would 
not  find  it  an  easy  matter  to  make  them  for  himself. 

I  have  been  using,  for  several  years,  a  form  of  charcoal  borer  which 
works  with  great  rapidity  and  perfection,  and  which  is  of  the     i<|g. «. 
easiest  construction.    The  holes  made  by  this  borer  are  cylin-  ^ff=s^ 
drical,  or  slightly  conical,  with  flat  bottoms.      Quite  lately  I  u^     ^ 
have  devised  another  form  which  gives  cavities  with  curved  ^^^ 
bottoms  like  Plattner's  large  borer,  luid  which  is  also  of  the 


ig-  4.  simplest  construction,  so  that  any 
one  may,  with  little  trouble,  make 
one  for  himself. 

The  first  of  these  forms  is  the 
conical  tin  tube  of  Berzelius  with 
two  modifications,  one  of  which 
consists  in  making  each  base  of  the 
tube,  not  a  complete  circle  but  about 
three-quarters  of  a  circle,  as  repre^ 
sen  ted  in  figure  3,  the  object  of 
which  is  to  facilitate  the  removal 
of  the  core,  as  will  be  explained,  n 
The  other  is  that  the  edges  of  each 
end  are  not  like  the  edge  of  a 
knife,  as  in  the  tube  of  Berzelius, 
but  like  the  edge  of  a  saw. 

Figure  4  represents  a  side  view- 
of  this  borer.  At  each  end  of  the 
tin  tube  it  may  be  seen  that  a  por- 
tion, about  a  quarter  of  the  metal, 
has  been  cut  away.  The  middle 
portion  of  the  tube  is  left  entire, 
and  the  edges  at  this  portion  should 
be  brazed  or  soldered  together  to 
insure   stiffness.      Figure   5   shows 


r\g.  6. 
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Fig.  6. 


the  shape  of  the  sheet  metal  from  which  the  borer  is  made.  The  edges 
a  and  b  are  to  meet  or  overlap,  and  are  to  be  brazed  or  soldered  to- 
gether. 

This  borer  gives  well  shaped  holes  with  remarkable  quickness. 
When  the  hole  has  been  made  deep  enough,  the  core  is  easily  detached 
by  pressing  the  tube  against  it,  so  that  the  core  is  pushed  into  the  free 
portion  of  the  groove,  ^^  hich  corresponds  to  the  part  which  has  been 
removed  from  the  conical  tube. 

If  a  borer  of  this  kind  is  made  with  a  large  diameter,  so  as  to 
leave  a  thick  core  which  is  not  easily  detached,  a  smaller  hole  may 
be  bored  in  the  core  with  a  smaller  instrument,  after  which  the  core 
is  easily  broken  up  and  removed. 

By  alternately  bending  the  teeth  at  the  bases  of  the  cone  outwardly 
and  inwardly,  as  in  the  operation  called  setting  for  carpenter's  saws, 

a  wider  groove  is  left  around  the  core,  which  is 
more  easily  detached  when  the  borer  is  of  large 
size. 

The  charcoal  borer  which  gives  cavities  with 
curved  bottoms,  is  made  by  cutting  a  plate  of 
metal  so  as  to  give  it  the  shape  shown  in  figure 
6,  and  bending  over  perpendicularly  to  the  eiurface 
of  the  plate  the  portions  at  each  end,  which  pro- 
ject beyond  the  dotted  line.  These  projections 
are  bent  in  opposite  directions,  as  shown  in  fig- 
ure?. The  dotted  lines  which  show  the  outline  ng.  7. 
of  the  borer,  form  an  ogive,  which  gives  a 
good  shaped  cavity.  The  portion  beyond  the 
dotted  line,  which  is  bent  perpendicularly  to 
the  face  of  the  plate,  as  we  have  already 
said,  should  have  its  edges  sharpened  with 
a  file,  to  enable  the  borer  to  work  more  rap- 
idly. 

By  pressing  this  borer  against  a  piece  of  char- 
coal and  turning  it  alternately  to  the  right  and  to 
the  left,  a  good  cavity  is  obtained  in  a  very  short 
time.  Borers  of  this  kind  should  be  made  of 
pretty  stout  metal,  as,  otherwise,  they  become 
twisted  by  use.  Tin  plate  known  in  the  trade  as 
three  cross,  is  sufficiently  thick  for  the  purpose. 

III.  Sheet  Iron  Sopports. 

I  have  been  using  for  some  time,  pieces  of  sheet  iron  for  supporting 
substances  before  the  blow-pipe  flame.     Sheet  iron  presents  several  ad- 
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vantages  for  this  purpose,  in  being  very  common  everywhere,  in  cost- 
ing little  or  nothing,  and  in  being  durable,  so  that  the  same  piece  may 
be  used  over  and  over  again  many  times.  We  cannot,  on  a  plate  of 
this  kind,  exhibit  the  action  of  fluxes  which  attack  iron,  but  we  may  see 
with  distinctness  the  rings  or  deposits  that  are^ given  before  the  blow- 
pipe flame  by  antimony,  zinc,  bismuth,  etc. 

We  may  also  obtain  copper,  lead,  silver,  tin,  bismuth,  etc.,  in  the 
metallic  state  by  the  reducing  flame,  particularly  in  presence  of  carbon- 
ate of  soda  or  cream  of  tartar. 

To  use  sheet  iron  as  a  support,  it  must,  in  the  first  place,  be  rubbed 
with  a  piece  of  pumice  or  of  Bath-brick  and  water  until  the  plate  looks 
bright.  Thereby  all  dirt  left  by  a  previous  operation,  and  all  rust  is 
removed.  Before  placing  any  thing  for  testing  on  the  plate,  it  is  advi- 
sable to  blow  the  blow- pipe  flame  on  it  for  a  few  seconds,  when  it  be- 
comes covered  with  a  shining  dark  grey  coat  of  magnetic  oxide,  on 
which  the  rings  or  deposits  are  seen  with  distinctness.  We  may,  if  we 
think  preferable,  cover  the  plate  with  a  coat  of  soot,  by  holding  it  in 
the  flame  of  a  lamp  or  candle.  .  On  this  coat  the  deposits  take  place 
equally  well. 

I  generally  use  the  thinnest  sheet  iron  obtainable,  which  is  the  kind 
on  which  are  taken  the  photographs  called  ferrotypes.  Sheets  of  this 
thickness  are  easily  bent  into  any  convenient  shape.  They  may  be 
used  over  and  over  again  without  any  perceptible  diminution  of  their 
thickness. 

Iron  has  the  advantage  of  being  relatively  a  poor  conductor  of  heat, 
which  property  enables  us  to  hold  in  the  hand  one  end  of  a  piece  of 
sheet  iron,  not  more  than  four  inches  long,  while  the  other  end  is  in  the 
blow  pipe  flame.  If  a  handle  is  found  necessary,  the  piece  of  sheet  iron 
may  be  held  in  a  cork  provided  with  a  cut  in  which  to  insert  it. 

If  we  should  want  to  use  charcoal,  I  may  point  out  that  we  can  use 
a  metallic  plate  as  a  charcoal  holder,  by  making  two  slits  crossing  each 
other  at  right  angles,  and  bending  the  four  tongues  obtained  in  this 
way,  about  perpendicularly  to  the  surface  of  the  plate.  In  a  hole  thus 
made  in  the  plate,  it  is  an  easy  matter  to  hold  tightly  a  small  piece  of 
charcoal  by  bending  the  four  tongues  more  or  less.  The  ring  formed 
by  the  action  of  the  flame,  may  extend  beyond  the  charcoal  on  the  metal 
plate.  This  is  in  imitation  of  the  plan  proposed  by  Prof.  Le  Neve 
Foster,  of  using  a  plate  of  unglazed  porcelain  provided  with  a  cavity  for 
holding  a  piece  of  charcoal. 

We  may,  instead  of  this,  make  a  cavity  in  a  piece  of  sheet  iron  by 
indentation,  and  All  it  with  a  paste  made  by  mixing  the  substance  to  be 
tested  with  an  excess  of  charcoal  powder  or  black  flux  and  a  little  water. 
Afler  heating  the  mass,  we  may  obtain  the  metallic  particles  by  tritu- 
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rating  in  a  mortar  with  water,  and  washing  away  the  residuary  carbon. 
If  deposits  are  formed  they  will  be  found  on  the  sheet  iron  around  the 
cavity. 

IV. — Allots  of  Lead  and  Tin. 

The  reactions  presented  by  alloys  of  lead  and  tin  before  the  blow- 
pipe flame  are  of  such  interesting  nature,  that  I  need  no  apology 
for  bringing  them  to  your  attention.  I  am  not  aware  that  the  behavior 
of  these  alloys  has  been  specially  noticed,  with  the  exception  of  a  brief 
note  in  an  excellent  paper,  by  Prof.  Chapman,  of  the  University  of 
Toronto :  On  some  Blow-pipe  MeacHons,  in  Chemical  News  of  June  26th, 
1877.  In  the  9th  section  of  this  paper,  relating  to  alloys,  occurs  the 
following :  "  Lead  and  Tin  unite  readily,  but  the  globule  commences 
immediately  to  oxydize,  throwing  out  excrescences  of  white  and  yellow 
oxyde.  On  removal  from  the  flame,  it  still  continues  in  ignition  and 
pushes  out  further  excrescences.  The  unoxydized  portion,  if  any,  is 
malleable." 

The  reactions  presented  by  alloys  of  these  two  metals  had  already 
attracted  my  attention  when  this  note  was  published,  as  I  wrote  at  the 
time  to  Prof.  Chapman,  in  the  course  of  a  lively,  but  very  friendly 
correspondence  on  the  occasion  of  his  strictures  on  Turner's  test  for 
boracic  acid. 

The  following  experiments  illustrate  the  points  of  interest  in  alloys 
of  lead  and  tin.  They  were  all  tried  with  6  decigrammes  of  alloy  made 
from  pure  lead  and  pure  tin. 

Experiment  XsL — Melted  together  3  decigrammes  of  lead  and  3 
decigrammes  of  tin.  By  continuing  the  heat  before  the  blow-pipe,  the 
alloy  gives  small  bunches  of  excrescences,  resembling  cauliflowers. 
After  a  while,  the  excrescences  increase  progressively  as  the  blowing 
continues.  They  are  at  flrst  white,  afterwards  yellowish.  Finally,  the 
whole  mass  resolves  itself  into  cauliflowers  of  deep  orange  color. 
During  the  formation  of  these  excrescences,  copious  white  and  yellow 
fumes  are  given  out  and  deposited  on  the  charcoal. 

Experiment  2d. — The  six  decigrammes  of  alloy  are  formed  of  4  of 
lead  and  2  of  tin.  In  this  case  the  reaction  is  violent  from  the  very 
first.  The  bunches  of  cauliflower,  of  a  deep  yellow  color,  are  formed 
as  soon  as  the  metals  are  heated.  On  ceasing  to  blow,  the  reaction 
goes  on  in  a  lively  manner.  Thick  fumes  are  given  out  and  deposited 
on  the  charcoal. 

Experiment  Sd,—The  6  decigrammes  are  formed  by  taking  4  of  tin 
and  2  of  lead.  In  this  case  the  cauliflowers  only  begin  to  form  in  small 
bunches  of  white  color  afler  persistent  blowing.  Fumes  are  given  out 
slowly,  and  a  malleable  button  is  lefl. 
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« 

Experiment  4/A. — Lead,  5  decigrammes ;  tin,  1  decigramme.  After 
blowing  a  short  time,  the  deep  yellow  cauliflowers  form,  until  the  whole 
mass  is  oxydized.  The  reaction  is  apparently  less  violent  than  in  Ex- 
periment 2d. 

These  experiments  show,  that  when  the  lead  is  double  of  the  tin,  the 
reaction  takes  place  with  more  energy  than  with  any  other  proportions. 
This  is  worthy  of  attention,  because  the  atomic  weight  of  lead  (207)  is 
nearly  double  of  the  atomic  weight  of  tin  (118).  It  makes  it  probable 
that  the  deep  yellow  cauliflower — like  excrescences,  are  a  stannate  of 
lead.  These  reactions,  with  an  alloy  in  which  the  weight  of  the  lead  is 
double  of  that  of  the  tin,  also  show  that  this  alloy,  when  heated,  ab- 
sorbs oxygen  with  exceeding  avidity,  which  fact  may  find  future  appli- 
cations. 

Although  an  alloy  of  these  proportions  absorbs  oxygen  with  great 
avidity,  Experiment  4tih  shows,  that  an  excess  of  lead  does  not  seem  to 
interfere  in  a  marked  degree  with  the  reaction. 

Experiments  1st  and  Sd  were  made  with  excess  of  tin,  which,  con- 
trary to  what  takes  place  with  lead,  interferes  with  the  formation  of 
the  excrescences. 

In  Experiment  Sc^,  the  tin  was  in  large  excess,  and  the  reaction  was 
very  indistinct. 

A  point  of  interest  in  connection  with  these  reactions  is,  that,  al- 
though tin  does  not  give  any  fumes,  and  that  those  given  out  by  lead 
are  very  slight,  alloys  of  these  two  metals  give  fumes  which  are  ex> 
cessively  abundant,  and  which  might  mislead  a  person  who  is  not  on 
his  guard  to  believe  that  zinc  or  antimony  are  present. 

As  both  lead  and  tin  are  ordinary  blow-pipe  reagents,  it  may  be 
well  to  suggest  that,  when  either  of  these  bodies  is  suspected  in  a  me- 
tallic substance  to  be  tested,  the  addition  of  the  other  may  furnish  use. 
ful  evidence.  As  the  specific  gravity  of  lead  is  11.4  and  that  of  tin 
7.5,  we  may,  without  weighing,  get  approximately  at  the  quantity  of 
either  of  these  metals  to  be  added,  by  estimating  the  volume. 

As  an  application  of  the  foregoing,  I  may  mention  that  the  bright 
foil,  called  tin-foil,  which  is  so  extensively  used  in  this  country  for 
wrapping  around  substances  to  be  used  for  food,  must,  from  its  be- 
havior before  the  blow-pipe,  contain  about  twice  as  much  lead  as  tin.  I 
have  not  determined  these  proportions  quantitatively. 

In  some  works  on  the  blow-pipe  it  is  mentioned  that,  when  a  button 
of  tin  is  strongly  heated  before  the  blow.pipe,  it  continues  to  burn  after 
the  flame  is  withdrawn.  I  have  never  been  able  to  obtain  this  reaction 
with  pure  tin,  but  it  takes  place  readily  when  lead  is  present  with  the 
tin  in  sufficient  quantity.  The  tendency  to  oxydation  is  so  great  in  a  but- 
ton of  alloy,  in  which  the  weight  of  lead  is  double  that  of  tin,  that  I  do 
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not  believe  that  even  the  most  expert  operator  would  be  able  to  keep  a 
button  of  this  kind  from  oxydation  in  the  most  perfect  reduction 
flame  that  could  be  obtained. 

V.  Reactions  for  Iodides,  Bromides,  and  Chlorides. 

Several  years  ago,  Von  Kobel  observed  that  when  sulphide  of  bis- 
muth is  heated  on  charcoal  with  iodide  of  potassium,  a  bright  red  coat 
of  iodide  of  bismuth  is  obtained.  From  this,  he  proposed  a  mixture 
of  ^  equal  parts  of  sulphur  and  of  iodide  of  potassium  for  the  detection 
of  bismuth,  which  he  succeeded  in  finding  in  a  mineral,  accompanying 
joseite,  in  which  it  had  never  been  suspected.  Prof.  Cornwall,  shortly 
afler,  proposed  the  same  reaction  for  the  detection  of  bismuth  in  pres- 
ence of  lead  and  antimony. 

The  ready  formation  of  iodide  of  lead,  by  heating  a  plumbic  com- 
pound with  the  mixture  of  sulphur  and  iodide  of  potassium,  induced 
me  to  try  the  detection  of  iodine  by  heating  an  iodide  with  powdered 
galena.  The  characteristic  yellow  coat  of  plumbic  iodide  is  deposited 
as  soon  as  the  flame  touches  the  mixture.  By  heating  chloride  of 
sodium  with  galena,  an  abundant  white  coat  of  oxy chloride  (?)  of  lead  is 
deposited.  With  bromide  of  potassium  and  galena,  a  white  deposit  of 
plumbic  oxy  bromide  (?)  is  obtained.  When  iodides,  bromides  and 
chlorides  occur  together,  it  is  not  possible  to  separate  them  by  the  use  of 
galena,  as  a  yellowish  white  coat  is  deposited  when  an  iodide  is  mixed 
with  either  a  bromide  or  a  chloride,  from  which  I  have  found  it  impos- 
sible to  separate  the  yellow  from  the  white. 

If,  however,  instead  of  galena,  we  use  a  mixture  of  sulphur  and 
bismuth,  in  connection  with  a  mixture  of  an  iodide  with  a  chloride,  we 
will  obtain  a  yellowish  coat  and,  beyond  this,  red  streaks.  At  first 
this  result  is  not  very  promising,  as  the  yellowish  deposit  resembles  a 
mixture  of  iodide  of  lead  with  chloride  of  lead.  But  if  we  let  the 
plate  cool,  and,  afterwards,  heat  the  yellowish  deposit  very  slowly  and 
carefully,  the  yellowish  coat  will  separate  into  an  outer  ring  of  bright 
red  iodide  of  bismuth,  and  an  inner  ring  of  oxy  chloride  (?)  of  bismuth, 
which,  on  cooling,  becomes  perfectly  white. 

If  we  try  the  same  experiment  with  a  mixture  of  bromide  and 
iodide,  the  result  is  not  quite  so  satisfactory,  for,  although  the  yellowish 
coat,  resembling  that  of  the  preceeding  case,  becomes  white  on  heating, 
the  heat,  necessary  for  this,  causes  the  iodide  of  bismuth  to  be  driven 
beyond  the  plate,  and.  although  the  red  fumes  are  distinctly  seen  to 
escape,  the  red  iodide  does  not  remain  as  a  witness  on  the  plate.  We 
may,  however,  by  using  an  open  tube,  and  by  placing  the  mixture  to 
be  tested  at  one  end  of  this  tube,  drive  the  mixed   fumes  of  oxy- 
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bromide  (?)  and  iodide  of  bismuth  up  the  tube.  If,  afterwards,  we  heat 
slowly  and  carefully,  the  deposit  near  the  end  of  the  tube,  to  which 
heat  was  previously  applied,  the  white  oxybromide  (?)  will  remain  and 
the  bright  red  fumes  of  the  iodide  will  be  driven  flirther  up  the  tube 
and  deposited  on  its  sides. 

By  means  of  a  mixture  of  sulphur  and  bismuth  we  may,  then,  sep« 
arate  iodine  from  bromine  and  chlorine,  but  the  separation  of  bromine 
and  chlorine  from  one  another  is  not  possible  with  sulphide  of  bismuth. 


XXin. — 1.    A   NEW   MONOCHLORDINITROPHBNOL  AND  AN   AnILINB  DsRIV- 

ATIVB   OF   A-  MONOCHLOBDINITROPHBNOL. 

BY  EDGAR  F.  SMITH,  Ph.  D. 

Whbn  fuming  nitric  acid  is  allowed  to  act  upon  pure  monochlor- 
salicylic  acid,  there  is  produced  not  only  the  corresponding  monochlor- 
nitrosalicylic  acid  (in  small  quantities),  but  the  nitration  usually  extends 
so  far  as  to  cause  the  carboxyl  group  to  disappear,  and  two  nitro  group^ 
enter,  leaving  us  a  monochlordinitrophenol.  The  formation  of  this  latter 
compound  was  first  effected  in  this  manner  by  Rogers  (Inaugural  Dis- 
sertation, Gottingen,  1875).  The  phenol  showed  a  constant  fusing  point 
of  TO^-SO**  C,  was  rather  insoluble  in  cold  water,  more  readily  soluble 
in  warm,  and  crystallized  from  its  aqueous  solutions  in  long,  yellow 
needles. 

The  salts  of  this  acid  are  very  beautiful ;  but  it  will  suffice  for  our 
purpose  to  mention  only  the  potassium  derivative,  which  separates  from 
its  solutions  in  long,  beautiful,  silky,  red  needles,  without  any  water  of 
crystallization. 

The  above  phenol  and  its  potassium  salt  I  also  produced  ;  but  after 
working  with  the  latter  for  some  time,  I  suspected  the  presence  of  an- 
other compound,  and  by  repeated  recrystallization  from  aqueous  solu- 
tions, I  finally  obtained  not  only  the  red  potassium  salt,  but  also  a 
similar  compound,  which  separated  in  large  bundles,  consisting  of  orange 
colored  needles.  These,  after  being  completely  freed  from  the  red  salt^ 
were  subjected  to  an  analysis  to  ascertain  their  constitution. 

Analysis  of  the  red  colored  salt. 

.1691  grms.  salt,  dried  at  130°  C,  were  placed  in  a  platinum  cruci- 
ble, a  few  drops  of  cone,  sulphuric  acid  added,  and  a  gentle  heat  applied. 
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The  K,S04  remaining  =  .0264  grtns.,  which  corresponded  to  15.60  p.  c. 
potassiam.  The  salt  is  anhydrous.  The  calculated  percentage  of  K. 
in  CeH,Cl(NO,),OK  is  15.23  p.  c.  There  was  therefore  no  doubt  as  to 
the  constitution  of  this  salt. 

MONOCHLORDINITROPHENOL. 

Fusing  point  80"*  C. 

The  free  acid  crystallized  from  aqueous  solutions  in  long  yellow 
needles,  which  fused  at  80°  C.  and  solidified  again  at  69°  C.  It  is  iden- 
tical with  the  phenol  of  Rogers  (see  above),  and  the  a-  chlordinitrophenol 
of  Faust  and  Saame  (Annalen  der  Chemie  u.  Pharmacie,  1870, 7  Supple- 
ment band,  2  Heft,  S.  174). 

Analysis  of  the  yellow-colored  salt.    . 

Water  determination :  .1617  grms.  air-dried  salt  lost  upon  heating 
at  ]40°  C.  for  four  hours,  .0168  grms.  H,0  —  10.39  p.  c.  H  mols.  re- 
quire 9.53  p.  c. 

*  Potassium  determination :  .1449  grms.  dried  salt  gave  upon  evap- 
oration with  sulphuric  acid  .0480  grms.  KxS04  »  14.86  potassium. 
From  this  we  see  that  this  salt  is  also  a  derivative  of  a  monoohlordi- 
nitrophenol.    The  formula  is  C,H,C1(N0,),0K  +  1  JH,0. 

This  salt  is  much  more  soluble  than  the  red  compound.  The  oolor 
of  the  latter  is  so  intense  as  to  entirely  obscure  the  yellow,  which  con- 
sequently is  overlooked,  unless  great  care  is  exercised  in  crystallizing 
the  red  compound. 

MONOOHLORDJNITROPH  BNOL. 

Fusing  point  79°-80°  C. 

Upon  mixing  a  cold  solution  of  the  yellow  salt  with  dilute  ni- 
tric acid,  the  corresponding  phenol  separated  in  yellowish  colored 
masses,  which,  upon  being  washed  and  recrystallized  several  times 
from  aqueous  solutions,  separated  in  rather  long,  lemon-yellow  colored 
needles.  The  fusing  point  of  this  compound  remained  constant  at  79^- 
80°  C.  The  point  of  solidification  was  25°  C,  considerably  lower  than 
that  of  the  acid  corresponding  to  the  red  needles.  In  cold  water,  the 
acid  is  rather  insoluble,  readily  dissolved  on  heating. 

Another  difference  noticed  between  the  free  acid  from  the  red,  silky 
needles,  and  that  just  above  described,  is  in  the  silver  salts.  The  former 


A  NEW  MONOCHLORDlNrrROPHENOL.  113 

yields  a  soluble  salt,  crystallizing  in  long  bright  red  colored  needles,  the 
latter  one,  which  separates  out  in  bronze  colored  needles,  which  possess 
a  marked  metallic  lustre. 

This  new  chlordinitrophenol  is  usually  formed  in  very  small  quan- 
tities, therefore  I  have  not  been  able  to  subject  it  to  as  thorough  an  in- 
vestigation as  I  desired.  The  material,  with  which  I  worked  was,  how- 
ever, perfectly  pure ;  and  as  I  have  obtained  the  compound  at  various 
times,  and  the  analytical  result  being  the  same  on  all  occasions,  I  do  not 
hesitate  to  announce  the  above  acid  as  another  of  the  many  possible 
compounds  having  this  composition.  In  regard  to  the  position  of  the 
(NO,)  groups,  I  cannot  give  any  definite  information. 

A-  MONOCHLORDINITROPnBNOL-ANILINB. 

A  small  quantity  of  a  chlordinitrophenol  was  mixed  with  sufficient 
aniline  to  dissolve  the  former  in  the  cold.  The  solution  was  deep  red 
in  color,  and  imparted  to  the  skin  a  rather  difficultly  removable  yellow 
stain.  The  solution  was  gently  warmed  on  a  water  bath  for  ten  min- 
utes, and  the  liquid  then  poured  from  the  flask  into  a  large  watch  glass, 
and  allowed  to  cool.  Hard,  nodular  crystals  separated,  which  were 
pressed  well  between  paper  and  dried  by  exposure  to  the  air,  then  dis- 
solved in  warm  water,  from  which,  on  cooling,  long,  curled,  light-yellow 
colored  needles  separated.  The  fusing  point  of  this  compound,  after  re- 
peated recrystallizations,  remained  constant  at  137^  C.  When  solutions 
of  the  compound  in  water  are  violently  boiled,%niline  separates  out. 
An  analysis  of  the  substance  indicated  it  to  be  a  union  of  one  mol. 
chlordinitrophenol  with  a  like  amount  of  aniline — C,H,C1(N0,)0H. 
C.H.NH,. 

Analysis, 

0.1221  grms.  dried  substance  burned  with  lead  chromate  gave 
?D188  grms.  carbon  =  46.19  p.  o.  C.  The  H  determination  was  lost. 
The  theoretical  percentage  of  carbon  demanded  by  the  above  compound 
is  46.22  p.  c.  C. 

With  the  ammonia  cobalt  bases  of  Genth  and  Gibbs,  a-  monochlordi- 
nitrophenol  yields  exceedingly  beautiful  compounds.  My  results  in  this 
direction  will  be  given  later. 
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XXIV, — Bbrtllicm  Borate. 
BY  EDGAR  F.   SMITH,  Ph.  D. 

Some  time  ago  I  was  working  with  beryllium,  and  added  to  a  solu- 
tion of  its  chloride  an  excess  of  a  rather  concentrated  borax  solution. 
An  immediate  precipitation  was  the  result.  The  precipitate  was  thrown 
upon  a  filter  and  washed  with  hot  water,  until  a  drop  of  the  washings 
evaporated  upon  platinum  foil  left  no  residue. 

The  precipitate  was  dried  and  tested  for  boracic  acid,  but  this  was 
not  present.  Another  portion  of  the  same  precipitate,  subjected  to  an 
analysis,  proved  to  be  nothing  more  than  beryllium  hydrate ;  conse- 
quently, if  the  borate  had  been  formed,  the  washing  in  hot  water  had 
decomposed  it. 

Another  portion  of  the  beryllium  chloride  was  treated  as  above. 
The  precipitate  was  brought  on  the  filter  to  drain  off  the  liquid,  and 
then  rinsed  with  cold  water  into  a  small  flask,  water  added,  and  allowed 
to  stand  for  some  time,  being  occasionally  shaken.  The  precipitate  was 
then  brought  on  to  a  filter  and  dried  by  exposure  to  the  air. 

Upon  testing,  boracic  acid  was  found  present. 

Analysis  gave  me  the  following  percentages  of  beryllium  as  oxide : 
6.98  p.  c.  BeO  and  6.98  p.  c.  BeO.    The  boracic  acid  was  not  estimated. 

Laboratory  op  the  Universitt  of  Pennsylvania, 
Pbila.,  May  28,  1878. 
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XXV. — Pkoceedings. 
Regular  Meeting^  July  11,  187d. 

Yice-President  Casamajor  in  the  chair. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  following  were  elected : 

Ab  membera — Wm.  Rupp,  Wm.  B.  Phillips. 

The  following  were  proposed  : 

Asmembera — ^W.  G.  Debrunner,  Wm.  B,  Mason,  Wm.  H. 
Greene. 

The  papers  of  E.  M.  Johnson,  on  "  Ferro-chromium ; "  G. 
H.  Johnson,  on  "  Ferro-manganese ; "  Drs.  T.  H.  Norton  and  J. 
Tschemiac,  on  "Halogen  Derivatives  of  Ethyl-acetamide,"  on 
GlycoUide  and  on  Ethoxy-acetonitrile,"  were  read  by  title,  and 
their  publication  left  to  the  Committee  on  Papers  and  Publi- 
cations. 

Mr.  Shapleigh  read  a  paper,  by  Mr.  M.  B.  Hardin,  on  the 
•*  Determination  of  Calcium  as  Carbonate  after  Precipitation  as 
Oxalate."  Mr.  Casamajor  read  a  paper  on  the  "  Yeritication  of 
Graduated  Glass  Vessels  and  Areometers  froin  4'  to  45"  C."  The 
same  proposed  the  establishment  of  a  loan  library  at  the  rooms  of 
the  Society ;  this  proposition  met  with  the  approval  of  all  present. 

On  motion  of  Dr.  Goldmark,  the  Society  adjourned  to  the 
first  Thursday  in  August. 

M.  ALSBERG, 

Recm^ding  Secretary. 


XXVI. — O^  Halooen-Derivativjes  of  Ethyl-acetamidk. 
By  T.  H.  NORTON,  Ph.  D.  and  J.  TSCHERNIAC,  Ph.  D. 

Recbntlt  an  article  appeared  (Tscherniac,  Comtea  rendusy  82,  459, 
1876),  showing  that  the  dichlor-ethyl-amine  first  discovered  by  Wurtz, 
is  distinguished  from  the  great  mass  of  chlorinated  derivatives  by  the 
position  of  the  chlorine  atoms.  When  submitted  to  the  action  of  zinc- 
ethyl,  dichlor-ethyl-amine  is  changed  directly  into  tri-ethyl-amine,  a 
reaction  which  proves  that  the  two  atoms  of  chlorine  are  in  immediate 
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combination  with  nitrogen,  and  that  the  compound  may  be  termed  an 
ethylated  derivative  of  chloride  of  nitrogen,  N  CI,. 

It  appeared  to  us  of  interest  to  increase  the  number  of  these  deriv- 
atives,  and  more  especially  to  attempt  the  synthesis  of  a  monochlorin- 
ated  compound  in  the  same  series.  With  this  intention,  we  have  studied 
the  action  of  the  halogens  on  ethyl-acetamide : 

/H 

N-C,  H,  O 
\C,H, 

The  results  of  these  experiments,  although  not  as  clear  and  sharply- 
defined  as  could  be  desired,  leave  no  doubt  of  the  existence  of  mono- 
substituted  compounds,  in  which  the  nitrogen  is  in  direct  union  with 
chlorine  and  bromine. 

The  ethyl-acetamide  used  was  prepared  by  mixing  ethyl-acetate  with 
ethyl-amine  in  an  aqueous  solution,  and  allowing  the  liquid  to  stand  for 
two  weeks.  A  mixture  of  1  kilogr.  of  a  33  per  cent,  solution  of  ethyl- 
amine,  and  660  grammes  of  ethyl-acetate,  yielded,  afler  this  treatment^ 
540  grammes  of  ethyl-acetamide,  t.  e.,  85  per  cent,  of  the  theoretical 
product. 

The  action  of  dry  chlorine  gas  on  ethyl-acetamide  is  extremely  vio- 
lent. The  liquid  rapidly  heats,  becomes  thick,  and  explosions  may  en- 
sue. In  order  to  moderate  the  reaction,  it  is  necessary  to  place  the 
vessel  containing  the  liquid,  in  ice,  and  admit  the  chlorine  slowly,  inter- 
rupting the  process  as  soon  as  the  amount  of  chlorine  absorbed  repre- 
sents an  equivalent  of  one  molecule  of  chlorine  for  one  molecule  of 
ethyl  acetamide.  For  this  purpose  it  is  advisable  to  work  with  quan- 
tities of  from  20  to  50  grammes  at  a  time,  and  weigh  the  vessel  and  its 
contents  frequently.  When  performed  in  this  manner,  there  is  no  de- 
velopment of  H  CI  during  the  reaction.  The  product  of  the  reaction  is 
a  green  liquid,  smelling  strongly  of  chlorine,  and  dissolves  easily  in 
water,  accompanied  by  a  alight  disengagement  of  chlorine. 

This  liquid  is  dissolved  in  water  containing  fragments  of  ice,  and 
carbonate  of  potassium  is  added  in  small  quantities,  until  not  only  the 
evolution  of  carbonic  acid  has  ceased,  but  the  water  present  is  changed 
into  a  saturated  solution.  The  oily  liquid  separated  by  this  means,  and 
floating  on  the  surface  of  the  saline  solution,  is  dried  by  agitation  with 
carbonate  of  potassium,  and  contains  then  monochlor-ethyl-acetamide, 
mingled  with  varying  amounts  of  ethyl-acetamide.  Two  samples  of 
the  reaction  product  at  this  stage  gave  the  following  percentages  of 
chlorine : 

I  II  N  CI  (C,  H,  O)  (C,  H.)  requires 

/ ' s 

CI..  21 .23      28.77  20.21 
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No.  I  would  contain  72.68  per  cent,  of  monochlor-ethyl-acetamide  and 
No.  II,  81.37  per  cent.,  assuming  that  they  are  mixtures  of  the  two 
liquids,  a  supposition  supported  by  the  manner  of  formation,  and  by 
later  experiments.  On  account  of  the  lack  of  distinctive  properties  be- 
tween ethyl-acetamide  and  monochlor-ethyl-acetamide,  and  the  readiness 
with  which  the  latter  is  decomposed,  when  exposed  to  the  action  of  heat, 
it  has  hitherto  been  impossible  to  obtain  the  new  compound  pure.  By 
the  action  of  acids,  we  have  succeeded  but  partly  in  removing  the  ethyl- 
acetamide  present.  No.  1  was  dissolved  in  water  containing  a  sufficient 
amount  of  H,  SO4  to  neutralize  the  estimated  quantity  of  ethyl-aceta- 
mide. After  agitation,  the  liquid  was  extracted  with  ether,  and  the 
ethereal  solution  dried  with  K,  CO,  and  evaporated  on  the  water-bath. 
The  residue  thus  obtained  gave 

THEOBT. 

CI ... .  26.14  29.21 

and  showed  that  the  percentage  of  the  chlorinated  base  had  increased 
from  72.68  to  89.49.  We  have  not  succeeded,  however,  in  obtaining 
by  this  method  a  liquid  containing  above  90  per  cent. 

At  this  degree  of  purity,  monochlor-ethyl-acetamide,  when  freshly 
prepared,  is  a  mobile  liquid,  neutral  to  litmus  paper,  and  possessing  a 
most  disagreeable  odor.  Water,  alcohol  and  ether  dissolve  it  in  all 
proportions.  Carbonate  of  potassium  separates  it  from  aqueous  solu- 
tions. When  heated,  a  violent  decomposition  ensues,  which  continues 
without  external  assistance  until  the  only  liquid  product  remaining  is 
ethyl-acetamide.  If  allowed  to  remain  for  a  few  days,  it  is  entirely 
changed  into  a  transparent  syrupy  liquid  containing  large  quantities  of 
H  CI,  ethyl-acetamide  and  condensation  products.  When  heated  with 
sodic  hydrate  it  is  decomposed  entirely,  yielding  chloroform,  dichlor- 
ethyl-amine,  ethyl-carhyl-amine,  and  small  quantities  of  ethyl-amine. 
Similar  results  accompany  treatment  with  carbonate  of  potassium. 

The  action  of  bromine  on  ethyl-acetamide  is  perfectly  analogous  to 
that  of  chlorine.  It  dissolves  in  the  amide,  accompanied  by  an  evolu- 
tion of  heat,  and  the  reaction  product  of  a  mixture  of  equal  molecules 
is  treated  exactly  as  in  the  preparation  of  the  chlorinated  derivative. 
The  resultant  oily  liquid  is,  however,  heavier,  and  sinks  to  the  bottom 
of  the  solution  of  carbonate  of  potassium,  when  not  too  concentrated. 
The  same  liquid  is  obtained  when  a  mixture  of  ethyl-acetamide  and  a 
solution  of  bromine  in  bromide  of  potassium  is  heated  on  the  water- 
bath.  The  analytical  results  of  the  brominated  base  pointed  to  the  same 
composition  and  degree  of  purity  as  those  yielded  by  the  monochlor- 
ethyl-acetamide. 

From  the  action  of  iodine  a  less  energetic  reaction  was  naturally 
to  be  expected.    Our  experiments  showed  that  while  iodine  is  soluble 
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to  some  extent  in  ethyl  acetamide,  no  reaction  ensues,  as  no  evolution 
of  CO,  followed  the  addition  of  K,  COj. 

In  regard  to  the  formation  of  these  brominated  and  chlorinated  bases, 
it  is  probable  that  a  reaction  occurs  quite  analogous  to  that  occurring 
in  the  preparation  of  dichlor-ethyl-amine  from  the  action  of  hypo-chloride 
of  lime  on  ethyl-amine  hydro-chlorate.  When  exposed  to  the  action  of 
chlorine  at  a  low  temperature,  ethyl-acetamide  forms  the  simple  addi- 
tion-product N  H  (C,  II3  O)  (C,  H5)  CI,. 

And,  in  contact  with  K,  COj,  the  two  following  reactions : 

(1)  NH^^^'j^.   Cl,+K,C03=KCl+K0Cl+C0,+NH^^,^»j^ 

(2)  2NH^^^^+2K0C1+C0,  =  2NC1^*^^^^+K^ 

In  support  of  this  hypothesis  we  might  mention  that,  when  an  aqueous 
solution  of  hypo-chlorite  of  lime  is  added  to  ethyl-acetamide,  an  imme- 
diate deposition  of  lime  occurs ;  the  same  is  the  case,  when  hypo-chlorite 
of  lime  is  added  to  a  solution  of  ethyl-am ine.  On  heating  the  mixture 
the  monochlor-ethyl-acetamide  formed  is,  however,  at  once  decomposed ; 
and  when  distilled,  a  layer  of  dichlor-ethyl-mine  is  found  at  the  bottom 
of  the  distillate. 

A  more  exhaustive  study  will  show  whether  these  singular  com- 
pounds, despite  their  readiness  to  undergo  decomposition,  are  adapted 
to  synthetical  research.  The  interesting  fact  of  their  existence  will  per- 
mit the  presentation,  before  the  society,  of  the  results  already  obtained, 
and  we  hope  to  be  able  in  a  short  time  to  communicate  more  fully  the 
results  of  experiments  undertaken  in  the  same  direction. 

PAras,  June  1st.  1878. 


XXVII. — On  Glyoollide. 

BY  T.  H.  NORTON,  PH.  D.  AND  J.  TSCHERNIAC,  PH.  D. 

In  1854,  Dessaignes  (  Comptes  rendus,  38, 44)  obtained,  by  the  action 
of  heat  on  tartronic  acid,  small  quantities  of  a  white  insoluble  body, 

CH  \ 

which  he  regarded  as  possessing  the  formula   1     *  O,  and  considered  it 

to  bear  the  same  relation  to  glycol  lie  acid  that  lactide  does  to  lactic 
acid.  The  easy  transformation  of  this  compound,  by  means  of  am- 
monia or  alkalies,  into  glycollamide  or  glycollates  warranted  this  view, 
and  the  name  glycollide,  assigned  to  the  compound  by  its  discoverer. 
He  described  it  as  a  white  powder,  melting  at  180°,  impossible  to  ob- 
tain entirely  free  from  water,  and  slowly  changed  by  the  action  of  boil- 
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ing  water  into  glycollic  acid.  The  same  body  was  found  by  Heintz 
(Poggendorf^s  Annalen,  115,  280  and  452;  1861)  among  the  products 
resulting  from  the  exposure  of  glycollic  acid  to  a  temperature  of  240°, 
as  well  as  from  the  action  of  gly collate  of  sodium,  on  monochlor-acetic 
acid,  or  on  ethyl -monochlor-acetate.  Kekule  {Liehig^s  Annalen,  105, 
288  ;  1858)  obtained,  by  heating  potassium  monochlor-acetate  to  120°, 
small  quantities  of  a  white  powder,  which  he  considered  to  be  glycol- 
lide.     The  quantity  was,  however,  too  small  and  impure  to  analyze. 

The  degree  of  interest  attached  to  glycollide,  on  account  of  its  sim- 
ple formula — C,H,0, — ^and  its  position  as  the  anhydride  of  glycollic 
acid,  as  well  as  its  evident  adaptation  for  a  variety  of  syntheses,  led  us 
to  seek  out  a  method,  by  which  it  could  be  easily  prepared  in  large 
quantities  and  in  a  state  of  purity.  For  this  purpose  no  reaction  ap- 
peared better  adapted  than  the  decomposition  of  a  salt  of  monochlor- 
acetic  acid : 

CH.Cl  CH,\ 

I  =NaCl  +  I       O 

COONa  ^  CO  / 

The  unsatisfactory  results  obtained  by  Kekule  in  his  experiments 

with  monochlor-acetate  of    potassium,  we  regarded  as  due    to  the 

presence  of  water  of  crystallization  in  the  salt,  it  being  impossible,  as 

is  well  known,  to  free  the  salts  of  this  acid  from  water  by  means  of 

heat,  without  causing  not  only  a  hydration  of  the  glycollide  formed,  to 

glycollic  acid,  but  also  the  entire  decomposition  of  the  greater  portion 

of  the  substance.     It  was  necessary  then,  first  of  all,  to  find  a  method 

of  preparing  an  anhydrous  salt  of  monochlor  acetic  acid. 

SODIUM   MONOOHLOR-ACBTATE. 

For  this  purpose  we  took  advantageof  the  insolubility  of  the  sodium 
salt  in  alcohol.  Sodium  was  dissolved  in  fifteen  times  its  weight  of 
absolute  alcohol,  and  a  concentrated  solution  of  monochlor-acetic  acid 
in  absolute  alcohol,  was  added  to  the  sodium  ethylate  until  the  liquid 
showed  a  neutral  or  slightly  acid  reaction.  The  monochlor-acetate  of 
sodium,  precipitated  in  this  manner,  forms,  with  the  alcohol,  a  white 
pasty  mass  ;  but  settles  out  after  a  few  hours'  standing.  It  can  then  be 
filtered,  pressed  and  placed  in  the  air-bath  to  dry.  Thus  prepared  the 
salt  is  perfectly  pure  and  free  from  water.     An  analysis  gave : 

Found  Calculated  for  CJIgClO^Na. 

NaCl 50.23  per  cent.  50.21  per  cent. 

It  forms  a  light,  white  powder,  exceedingly  soluble  in  water. 

PREPARATION    OF    GLYCOLLIDE. 

In  order  to  decompose  sodium  monochlor-acetate  into  sodium 
chloride  and  glycollide,  the  salt,  after  coming  from  the  press,  is  spread 
in  thin  layers  on  plates  and  heated  in  the  air-bath.      The  temperature 
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can  gradually  be  raised  from  100®  to  150°  during  the  course  of  four  to 
five  hours,  and  after  remaining  at  150°  for  two  to  three  hours  longer, 
the  operation  can  be  regarded  as  complete.  It  is  advisable  to  stir  the 
layers  from  time  to  time,  to  prevent  caking.  The  essential  elements  in 
the  reaction  are  a  gradual  elevation  of  the  temperature,  and  a  fine 
division  of  the  substance  during  the  entire  process.  When  these  pre- 
cautions are  not  observed,  the  entire  quantity  is  suddenly  changed  into 
a  viscous,  puffy,  black  mass,  which  emits  most  irritating  vapors.  In 
such  cases  the  decomposition  is  not  so  extensive  as  it  appears.  When 
promptly  interrupted  the  mass  solidifies  to  hard  crusts,  which  can  be 
pulverized  and  reheated.  The  glycollide  obtained  at  the  end  of  the 
process,  is  of  a  gray  color,  and  sufficiently  pure  for  most  purposes. 

After  the  sodium  monochlor-acetate  has  been  heated  as  above  de- 
scribed, about  80  per  cent,  of  the  amount  is  changed  according  to  the 
reaction. 

CH,C1     _  j^  (^     CH«\ 

Heating  above  150°  does  not  appear  to  add  to  this  yield.  When 
heated  at  135°,  it  is  not  much  less;  and  even  at  125°,  a  considerable 
quantity  is  transformed. 

On  being  removed  from  the  air-bath,  the  mass  is  finely  pulverized, 
boiled  for  a  short  time  in  water  and  then  filtered.  The  residue  of  gly- 
collide remaining  on  the  filter  is  washed  with  cold  water,  until  the 
filtrate  gives  no  reaction  with  silver  nitrate.  It  is  then  quite  pure,  and 
can  be  easily  freed  from  water  by  heating  up  to  200°. 

An  analysis  of  the  glycollide,  prepared  as  above,  gave : 

Found  Calculated  for  CJlfif 

C 41.36  41.38 

H 3.63  3.45 

Glycollide,  when  pure,  is  a  light,  white  powder,  of  an  insipid  taste. 

It  melts  at  220°,  and  not  at  180°,  as  stated  by  Dessaignes.     In  cold 

water  it  is  almost  perfectly  insoluble,  the  liquid,  when  containing  it  in 

suspension,  not  afiecting  litmus  paper.     In  boiling  water  it  is  slowly 

changed  into  glvcollic  acid  : 

CH,\       „  ^      CH,OII 

1     •  O  +  H,0  =  I 

CO  /  OOOH 

The  reaction  is  rapidly  effected  by  heating  the  mixture  of  glycollide 
and  water  above  100°  in  a  sealed  tube;  the  solid  substance  disappears 
in  the  course  of  a  few  hours,  and  the  resultant  acid  liquid,  when  neu- 
tralized with  baric  hydrate,  and  evaporated,  deposits  hard  crystalline 
crusts  of  barium  gly collate.     The  analysis  gave : 

Found  Calculated  for  (C,H,03),Ba. 

Ba 47.85  47.66 
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Glycollide  is  insoluble  in  alcohols,  ether,  acetic  acid,  aceton,  benzene 
and  bisulphide  of  carbon.  When  heated  with  acetic  anhydride,  in  a 
sealed  tube,  at  200^,  a  small  quantity  was  dissolved,  and  separated  on 
evaporating  the  filtered  liquid.  It  dissolves  in  boiling  nitro* benzene, 
but  separates  as  an  amorphous  precipitate,  when  the  solvent  is  cooled 
but  slightly  below  the  boiling  point.  When  gently  warmed  with  solu- 
tions of  ammonia,  caustic  soda  or  caustic  potash,  it  is  readily  dissolved, 
forming  the  corresponding  glycoUates,  as  stated  by  Dessaignes. 

When  submitted  to  dry  distillation,  glycollide  is  decomposed  into 
water,  carbon,  and  carbon  monoxide  : 

C,H,0,  =  H,0  +  C  +  CO. 

The  same  reaction  ensues  when  it  is  heated  with  phosphoric  anhy- 
dride, even  when  mingled  with  sand  in  order  to  moderate  the  reaction. 
In  both  cases  the  amount  of  carbon  monoxide  formed  was,  however, 
notably  less  than  the  theory  would  require. 

Although  aqueous  solutions  of  the  alkaline  hydrates  dissolve  glycol- 
lide with  such  ease,  we  have  not  succeeded  in  obtaining  reactions  with 
the  solutions  of  the  corresponding  sulph-hydrates.  Sulphuretted  hydro- 
gen is  likewise  without  effect  on  this  anhydride,  no  alteration  in  weight 
occurring,  when  it  is  heated  in  this  gas  at  various  temperatures  up  to 
200°. 

Inviting  as  the  formula  of  glycollide  appears  for  the  formation  of 
compounds  in  the  propyl,  butyl,  and  other  higher  groups  of  the  fatty 
series,  all  attempts  at  such  syntheses  have  hitherto  failed  to  give  the 
desired  results.  When  heated  with  acetic  acid,  or  acetic  anhydride,  or 
formic  acid,  or  an  aqueous  solution  of  hydrocyanic  acid,  at  200°,  in 
sealed  tubes,  no  reaction  ensued,  with  the  exception  of  the  last  men- 
tioned case,  in  which  simply  glycollic  acid  was  formed. 

Experiments  in  other  directions  gave  more  satisfactory  results. 

PREPARATION   OV   BTHYL-OLTCOLLATE   FROM    OLYCOLLIDX. 

If  ethyl  alcohol  and  glycollide  be  mixed  in  the  proportions  of  four 
to  five,  and  heated  for  several  hours  in  a  sealed  tube  at  200°,  the  gly- 
collide is  entirely  dissolved,  and  there  is  no  pressure  in  the  tube  when 
cold.  On  distillation,  the  greater  portion  of  the  colorless  liquid  passed 
over  at  154°-156°.  A  small  fraction  was  collected  between  160°  and 
195°,  and  a  residue  of  decomposition  products  remained  afler  the  distil- 
lation. The  main  portion  boiling  constant  at  154°-156°,  after  four  dis- 
tillationSy  was  submitted  to  analysis  and  gave : 

Found  Calculated  for  C,H,0,C,H.. 

C 46.77  46.16 

H 8.44  7.69 

Ethyl-glycollate  was  first  obtained  by  Heintz  {LUhigU  Annalen^ 
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123,212;  1861),  who  prepared  it  by  the  action  of  ethyl  monochlor- 
acetate  on  sodium  glycoUate  at  130°,  but  failed  to  describe  the  physical 
properties.  Fahltterg  (Journal  fur  Prakt  Chemie  [2],  7,  329  ;  1873) 
obtained  the  ether  by  heating  together  equivalent  quantities  of  calcium 
glycollate  and  potassium  ethyl-sulphate  at  170°.  He  found  the  boiling 
point  to  be  150°,  and  stated  that  the  analytical  results  were  widely 
divergent  on  account  of  the  readiness  with  which  the  ether  was  de- 
composed.* 

This  ether,  when  prepared  by  the  direct  combination  of  alcohol  and 
glycollide, 

CHa         CH,0H 
C.H.OH  +  ^^  O  =  ^^^^^^ 

forms  a  colorless  mobile  liquid,  boiling  constant  at  154°-166°.  It  is. 
soluble  in  less  than  five  parts  of  water,  but  is  completely  separated 
from  its  aqueous  solution  by  the  addition  of  potassium  carbonate.  It 
has  an  agreeable  odor  and  a  burning  taste.  It  is  not  easily  inflammable^ 
and  burns  slowly  with  an  almost  colorless  flame. 

An  experiment  made  in  the  hope  of  obtaining  ethyl -glycollate  of 
ethyl,  by  heating  together  equivalent  quantities  of  glycollide  and 
ethylic  ether  in  a  sealed  tube,  gave  no  results ;  the  glycollide  remain- 
ing unattacked  even  at  temperatures  above  200°. 

PREPARATION   OF   GLTCOL-ETHTL-AMINE   FROM   OLTCOLLTDE. 

When  an  equivalent  quantity  of  glycollide  is  added  to  ethyl-amine 
at  0°,  and  then  slightly  warmed,  it  is  completely  dissolved  : 

CO/  CONHCjH, 

The  resultant  liquid  is  of  a  syrupy  consistence,  possesses  a  reddish- 
brown  color,  boils  from  245°  to  275°,  and  coincides,  in  all  other  re- 
spects, with  the  glycol-ethyl-amine  obtained  by  Heintz  {Liebig^s  AnnaUn, 
129,  27 ;  1864)  from  the  action  of  ethyl-amine  on  ethyl-glycollate. 

GLYCOL-PHENTL-AMINE. 

Glycollide  dissolves  easily  in  aniline  when  heated  to  130°.  It  is 
desirable  to  take  slightly  more  than  an  equivalent  of  glycollide  in  order 
to  facilitate \he  purification.  Afler  keeping  the  mixture  at  the  above 
temperature  for  a  short  time,  it  is  boiled  with  water  and  filtered.     On 

^ — — ^^1^^     f^i^ ^^m^mi—__.      ^ m--     ■-■    ■  ^1  --■ m »  ■!-  ■   ^ T^ ■ ■ f— ^ ■ — ■ ■ 

*  It  would,  p«rbap9,  be  well  to  direct  attention  to  the  strange  mistake  on  page- 
070  of  the  2d  Supplement  of  Watts'  Dictionary,  where  Henry's  ingenious  method  for 
preparing  the  ethyl  ether  of  ethyl  glycollic  acid  is  changed  into  a  preparation  of 
ethyl-glycollate;  and  the  vapor  density  of  the  former — 6.977  at  ISO** — suffers  a. 
transformation  into  a  apecific  gravUif  of  0.977  at  16C<*.  (I) 
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cooling,  the  solution  deposits  a  mass  of  white  crystals,  which  are  easily 
purified  by  recrystallization  from  water.  When  deposited  from  a  hot, 
concentrated  solution,  the  crystals  take  the  form  of  radical  bunches  of 
long  slender  needles,  which  melt  at  108°.  A  cold,  concentrated  solu- 
tion, when  allowed  to  evaporate  spontaneously,  yields  large  prismatic 
crystals,  belonging  to  the  clino- rhombic  system,  and  melting  at  92°. 
Apart  from  the  difference  in  the  melting  point,  the  two  varieties  of 
crystals  coincide  in  their  chemical  and  physical  properties,  and  possess 
the  same  composition. 

Found  Calculated  for 


12  3  4  5 

C...  64.08    63.12    63.90    63.80  63.61 

H....  6.40      6.30      6.33      6.40  5.96 

N.   ..9.85  9.27 

The  first  three  analyses  are  of  crystals  melting  at  108°.  The  last 
two  of  crystals  melting  at  92°. 

Glycol-phenyl-amine  dissolves  in  its  own  weight  of  water  at  100°, 
and  in  17^  parts  of  water  at  20°.  It  dissolves  easily  in  alcohol,  ether, 
thloroform,  benzene,  and  other  organic  liquids.  Alkalies  decompose 
it,  forming  aniline  and  glycollates.  Its  aqueous  solution  dissolves 
oxide  of  silver.  The  resultant  derivative  crystallizes  in  fine  needles^ 
but  is  too  easily  decomposed  to  be  obtained  pure. 

PREPARATION   OF   NITRILES    FROM   AMIDRS. 

We  transformed  a  quantity  of  glycoUide  into  glycollamide  by  solu- 
tion in  ammonia  and  evaporation,  and  have,  sought  in  various  ways  by 
dehydration,  to  obtain  a  glyco  nitrile,  NC.CHjOH.  Thus  far  the  ex- 
periments have  been  fruitless.  Phosphoric  anhydride  carbonizes  the 
amide,  and  penta-sulphide  of  phosphorus  yields  derivatives  containing 
sulphur.  In  this  connection  we  have  endeavored  to  simplify  the  prep- 
aration of  nitriles,  by  the  substitution  of  a  re-agent  more  convenient  to 
use  than  the  phosphoric  compounds.  For  this  purpose  we  have  found 
quicklime  well  adapted.  Benzamide  and  acetamide,  when  heated  with 
equivalent  quantities  of  this  dehydrating  agent  in  a  sand-bath,  give  the 
corresponding  nitriles  in  quantities  amounting  usually  to  one-third  of 
the  theoretical  yield. 

Paris,  June  6th,  1678. 
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XXVIII. — On  Ethoxy-Acetonitrilk. 
BY  T.  H.  NORTON,  Ph.  D.,  aot)  J.  TSOHERNIAC.  Ph.D. 

In  a  recent  communication  to  the  Society  we  have  referred  to  ex- 
periments undertaken  with  the  view  of  dehydrating  glycollamide,  and 
obtaining  thereby  an  oxy-acetonitrile  : 

CH,OH    _^    CH,OH 

Negative  results  were  given  by  all  the  re-agents  used — phosphoric 
anhydride,  penta-sulphide  of  phosphorus,  and  lime.  It  appeared  prob- 
able  to  us,  that  the  impossibility  of  obtaining  the  desired  nitrile  by  the 
above  reaction  was  due  to  the  instability  of  the  hydroxyl  group,  and 
that  a  more  successful  result  could  be  expected  from  the  dehydration 
of  a  derivative  of  glycoUamide,  in  which  the  hydroxyl  group  was  re- 
placed by  ethoxyl  or  a  similar  group.  For  this  purpose  we  have  taken 
ethyl-glycollamide,  and  submitted  it  to  the  action  of  phosphoric  an- 
hydride.   The  result  has  fully  confirmed  our  expectations. 

This  amide  was  prepared  from  monochlor- acetic  acid  by  successive 

CH  CI 

changes  into  mono-chlor- acetate  of  ethyl,  i     *  ,  ethyl-gly collate  of 

COOCjHj 

CH,OC.H.       ,    ,.    ,   ,      ,,      . ,    CH,OC.H. 
"'••y''  60GC.H. '  *"'  «*»'y^-8ly«>"»-d«.  toNH.     • 

Ethyl-glycollate  of  ethyl  was  first  prepared  by  Heintz  {Liebig^s 
Annalen,  130,  27,  1864),  by  the  action  of  iodide  of  ethyl  on  ethyl- 
glycoUate  of  sodium.  Henry  {BerichU  der  deuUchen  chemUchen  Oetellr 
sehaft^  4,  706,  1871)  recommends  for  this  preparation  the  action  of 
sodium  ethylate  on  mono-chlor-acetate  of  ethyl,  a  method,  which,  with 
some  slight  alterations,  we  have  found  to  give  excellent  results.  Mono- 
ohlor-acetate  of  ethyl  (100  parts)  is  added  in  small  quantities  to  a 
solution  of  18  parts  of  sodium  in  250  parts  of  absolute  alcohol.  In 
order  to  prevent  the  formation  of  secondary  products  as  much  as  pos- 
sible, the  vessel  containing  the  latter  is  immersed  in  ice-water.  An 
immediate  precipitation  of  NaCl  follows  the  addition  of  the  ether,  and 
the  reaction  is  completed  by  heating  for  several  hours  in  the  water- 
bath,  with  an  inverted  condenser.  The  entire  mass  of  liquid  is  then 
distilled  off  from  the  NaCl,  in  an  oil  bath,  and  submitted  to  fractional 
distillation.  The  ether,  which  boils  at  155°,  is  easily  separated  from 
the  alcohol,  and  obtained  quite  pure  afler  two  or  three  distillations. 
We  obtained  in  this  way  65-70  per  cent,  of  the  theoretical  yield. 
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Ethyl-glycollamide*  prv^rj*    '>  was  first  prepared  by  Heintz  {Lieb- 

ig*9  Annalen,  129,  27,  1864),  who  added  a  large  excess  of  aqueous  solu- 
tion of  ammonia,  mixed  with  alcohol,  to  ethyl-glycoUate  of  ethyl,  and 
allowed  the  mass  to  evaporate  over  sulphuric  acid.  We  have  found 
the  best  method  of  preparation  to  be  the  following :  The  estimated 
amount  of  concentrated  ammonia  solution  is  added  to  the  ether,  and 
the  mixture  allowed  to  stand  for  a  week  in  a  closed  flask.  It  can  then 
be  evaporated  over  sulphuric  acid  in  a  vacuum,  or  simply  fractionated, 
the  high  boiling  point  of  the  amide  permitting  an  easy  separation.  We 
obtained  in  this  manner  from  100  grammes  of  ethyl-gly collate  of  ethyl, 
58  grammes  of  ethyl-glycollamide.  In  addition  to  the  properties  of 
this  body,  as  given  by  Heintz,  we  can  state,  that  it  possesses  a  constant 
boiling  point,  passing  over  without  decomposition  at  225°  (bar. 
759  mm.) 

For  the  preparation  of  ethoxy-acetonitrile,  perfectly  dry  phosphoric 
anhydride  is  intimately  mixed  with  two-thirds  of  its  weight  of  ethyl- 
glycollamide — ^likewise  perfectly  dry  and  finely  powdered — in  a  large 
flask.  For  100  grammes  of  the  mixture,  a  litre  flask  is  requisite  to 
provide  for  the  foaming,  which  accompanies  the  reaction.  The  fiask  is 
supplied  with  a  tube  to  collect  the  distillate,  and  heated  on  the  sand- 
bath.  The  contents  gradually  melt  and  form  a  puffy  mass,  while  a 
liquid  slowly  gathers  in  the  recipient.  The  heat  is  slowly  increased 
until  no  more  liquid  appears,  when  the  operation  is  terminated.  The 
distillate  thus  obtained,  which  usually  amounts  to  about  40  per  cent,  of 
the  weight  of  ethyl-glycollamide  used,  is  nearly  pure  ethoxy-acetonitrile, 
almost  the  entire  mass  distilling  between  132°  and  134°.  The  forma- 
tion is  shown  by  the  following  reaction : 

CH,OC,ir,  CH,OC,H. 

fcoNH.     =^*^+CN 
The  nitrile  thus  prepared  was  distilled  three  times,  and  the  middle 
fraction  of  the  quantity  collected,  between  132°  and  133°,  was  subjected 
to  analysis. 

rOUKD.  CALOULATSD  FOR  C4H,K0. 

C 55.82 56.47 

H 8.63 8.23 

N 16.94  16.48 

O —    18.82 

Ethoxy-acetonitrile  is  a  limpid,  colorless  liquid.     It  has  a  peculiar 

*  In  Watts'  Dictionary,  let  Suppl.  p.  647,  this  name  is  applied  to  the  isomeric 
glycol-ethyl-amine — disoevered  at  the  same  time  by  Heintx — while  ethyl-glycollamide 
itself  ijB  passed  by  in  silence.    Compare  Wortz  Dictionnaire  de  Chimie,  2,  1618. 
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odor,  recalling  that  of  hydrocyanic  acid,  while  still  strongly  ethereal ; 
and  a  burning  taste.  It  is  insoluble  in  water,  but  easily  soluble  in 
alcoho],  ether,  etc.  It  boils  without  suffering  decomposition  at  IS2°  to 
133°,  under  a  pressure  of  758.5  mm.  The  specific  gravity  at  20°  is 
0.9093. 

The  general  connections  existing  between  the  nitriles  on  the  one 
hand,  and  the  amines  and  alcohols  on  the  other,  show  the  importance 
of  this  class  of  bodies  for  organic  synthesis,  and  the  possibility  of  pro- 
ducing from  any  nitrile  the  corresponding  amine  and  alcohol.  Our 
efforts  shall  be  directed  at  once  to  establish  how  far  the  compound  just 
described  is  obedient  to  the  general  laws  governing  the  nitriles  hitherto 
known,  and  to  extend  these  investigations  to  the  homologues  of  ethoxy- 
acetonitrile,  the  syntheses  of  which  we  shall  likewise  undertake. 

Paris,  June  10th,  1878. 


XXIX. — On   the   Determination  of  Calcium  as  Carbonate  after 

Precipitation  as  Oxalate. 

By  M.  B.  HARDIN. 

The  following  modification  of  the  usual  method  of  converting  cal- 
cium oxalate  into  carbonate  in  the  course  of  analysis,  has  been  used  in 
this  laboratory  for  the  last  two  years. 

The  process  is  based  upon  the  fact  that  while  calcium  carbonate  is 
not  altered,  calcium  oxalate  is  converted  into  carbonate  when  ignited  in 
an  atmosphere  of  carbon  dioxide. 

The  following  mode  of  proceeding  has  given  uniformly  accurate 
results  even  in  the  hands  of  beginners  : 

The  calcium  oxalate  separated  from  filter  is  placed  in  a  platinum 
crucible. 

The  filter  is  burned ;  the  ash  is  collected  in  the  crucible  lid,  treated 
with  a  little  water,  and,  after  a  few  minutes,  with  two  or  three  drops  of 
a  strong  solution  of  ammonium  carbonate,  dried  in  water-bath,  very 
gently  ignited,  and  returned  to  water-bath,  where  it  is  kept  until  needed. 
The  crucible  containing  the  bulk  of  the  oxalate,  is  covered  with  the  per- 
forated lid  of  a  Rose's  crucible,  and  carbon  dioxide  transmitted  in  a 
moderate  and  steady  stream,  which  is  to  be  maintained  until  the  process 
is  completed. 

The  gas  is  first  passed  for  five  minutes  in  the  cold.  The  crucible  is 
then  gently  heated,  not  to  redness,  for  five  minutes,  by  placing  a  Bun- 
sen's  burner,  with  lowered  flame,  in  a  suitable  position.  (No  difficulty 
presents  itself  here,  as  any  temperature  between  205°  C.  and  a  red  heat, 
will  answer.) 

The  heat  is  next  gradually  raised  to  bright  redness,  and  the  crucible 
kept  at  this  temperature  for  about  ten  minutes. 
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At  the  end  of  this  time,  the  lamp  is  removed,  and,  when  the  crucible 
has  cooled  below  redness,  the  current  of  carbon  dioxide  is  stopped,  the 
perforated  lid  taken  off,  the  platinum  cover  containing  the  ash  laid 
loosely  on,  and  the  crucible  placed  in  the  desiccator. 

If  the  resulting  carbonate  is  not  white,  or  nearly  so,  it  must  be  re- 
ignited  in  carbon  dioxide. 

Direct  experiments  with  the  process  gave  the  following  results : 

1st.  A  sample  of  powdered  Iceland  spar  was  ignited  in  carbon 
dioxide. 


WEXOHT  OF  OALCITB 

WEIGHT  AFTBR 

WBIOHT  AFTER 

TAKB.X. 

lONITINO  10  MIN. 

BBIONITINO  10  MIN. 

Gnn. 

Grm. 

Grm. 

1.0000 

0.9991 

0.9991 

The  ignited  carbonate  was  shown,  by  turmeric  paper,  to  be  free 
from  caustic  lime. 

2d.  Specimens  of  a  specially  prepared  and  pure  calcium  oxalate 
were  ignited  as  described  above. 

CALCIUli  OXALATE  CALCIUM  OARBONATE        OALCITM  CARBONATE 

(dried  at  100°  O.)  TAKEK.  OBTAINED.  CALCULATED. 

Grm.  Grm.  Grm. 

1.0003  0.6851  0.6851 

0.9998  0.6847  0.6848 

0.9994  0.6845  0.6845 

The  carbonate  was  in  each  case  free  from  caustic  lime. 

3d.  Samples  of  powdered  Iceland  spar  were  ignited  in  carbon  di- 
oxide, weighed  and  dissolved  in  hydrochloric  acid.  The  calcium  was 
precipitated  as  oxalate  in  the  usual  way,  and  the  several  precipitates 
were  ignited  as  above. 

CALCITB  CALCIUM  CARBONATE 

TAKEN.  OBTAINED. 

Grm.  Grm. 

0.9991  0.9991 

0.5018  0.5016 

0.6407  0.6406 

0.5723  0.5721 

0.6013  0.6013 

To  these  results  may  be  added  one  recently  obtained  by  Mr.  E.  A. 
Gibbs,  a  student  in  this  laboratory,  in  making,  for  the  very  first  time, 
an  analysis  of  calcite : 

OALCITB  CALCIUM  CARBONATB 

TAKEN.  OBTAINED 

Grm.  Grm. 

0.4984  0.4985 

In  every  one  of  these  cases,  the  resulting  carbonate  was  white,  or 
barely  tinged  with  gray,  and  perfectly  free  from  caustic  lime. 


LIME 

LIME 

FOUND. 

CALCULATED. 

Per  cent 

Per  cent. 

56. 

56 

55.98 

« 

55.99 

it 

55.98 

a 

56. 

x" 

LIME 

LIME 

FOUND. 

CALCULATED. 

Per  cent. 

Per  cent. 

56.01 

56 
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XXX. — Veriyioation  of  Graduated  Glass  Vkbskls  and  Arbomitsrs 

FROM  4°   TO  45°  C. 
BY  P.  OASAMAJOR. 

The  graduated  glass  vessels,  used  in  laboratories,  are  generally 
divided  into  cubic  centimeters,  and  the  volumes  designated  are  supposed 
to  be  correct  at  a  certain  temperature,  taken  as  a  normal,  which  is 
generally  15°  C. 

I  propose  this  evening  to  give  a  table  (No.  2)  for  the  verification  of 
these  graduations  at  all  degrees  of  temperature,  from  4°  to  45°  C,  in 
which  will  be  found,  for  every  degree,  the  weight  of  distilled  water 
which  will  occupy  a  space  which  at  15°  C.  is  equal  to  100  c.c. 

Afterwards  I  will  consider  the  verification  of  the  graduations  of 
areometers. 

It  is  needless  to  add  that  the  methods  used  for  the  verification  can 
be  easily  applied  to  the  graduation  of  measuring  vessels  and  of 
areometers. 

Let  us  suppose  that  we  have  a  graduated  flask,  capable  of  holding 
100  c.c.  of  water  at  15°  C,  when  filled  up  to  a  line  etched  on  its  neck, 
and  that  we  wish  to  know  if  this  graduation  is  correct.  To  ascertain 
this,  we  may  fill  up  the  flask  with  distilled  water,  at  the  temperature  of 
15°  C,  up  to  the  line  on  its  neck,  and  find  whether  the  weight  of  the 
water  is  the  proper  weight.  This  leads  us  to  inquire :  What  is  the 
weight  of  distilled  water  which,  at  15°  C,  will  occupy  exactly  100  cubic 
centimeters  ? 

For  the  solution  of  this  question,  we  have  to  make  use  of  Table 
No.  1,  which  has  already  been  published  twice  in  our  Proceedings,*  but 
which  must  be  given  again  in  this  place,  as  it  is  to  be  the  base  of  all 
our  calculations.  In  this  table,  as  here  given,  the  temperatures  range 
from  4°  to  45°  C,  while,  as  previously  published,  the  lowest  temperature 
was  5°. 

In  the  first  column  of  this  table  are  the  temperatures  for  every  de- 
gree, from  4°  to  45°  C.  Opposite  to  these,  in  the  second  column,  are 
to  be  found,  for  every  degree,  numbers  representing  the  absolute  ex- 
pansions of  1  c.c.  of  water,  starting  from  15°  C.  as  a  normal.  For  the 
degrees  below  15°  the  numbers  in  .this  column  represent  absolute  con- 
tractions, and  are  to  be  subtracted.  We  may  see,  in  the  second  column, 
that  if  we  take  1  c.c.  of  water,  and  heat  it  to  16°,  it  will  become 
1.000173  C.C. ;  if  heated  to  25°,  it  will  become  1.002179  c.c ,  &c.    If, 


♦  Proceedingt  of  the  American  Chemical  Society,  voL  I,  First  Part,  p.  198;  P*rt 
Second,  p.  20.  Also  see  American  Chemist  for  January,  1877,  p.  261 ;  Chemical  Neve, 
vol.  XXXV,  p.  161,  and  MimUeur  Scieniifique,  toI.  YII,  8d  series,  Angust,  1877, 
p.  862. 
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instead  of  heating,  the  temperature  is  lowered  from  15°  to  14°,  1  c.c. 
of  water  will  become  1  —  0.000150  =  0.999850  c,c. ;  if  cooled  to  7°,  it 
will  become  1  —  0.000820  =  0.999180  c.c,  &c. 

For  the  methods  used  in  obtaining  these  numbers  I  must  refer  jou 
to  the  Proceedings  of  this  Society — vol.  I,  First  Part,  p.  193.* 

Tablb  No,  1. 
Total  expansions  from  15°  C7.    . 


^  Degree 

Absolute 

Relative 

Degree 

Absolute 

RelaUve 

CeaUgrade. 

Expansion. 

Szpanalon. 

Centigrade. 

Expansion. 

Expansion. 

4o 

0.000887 

0.000600 

25  » 

0.002179 

0.001919 

5o 

0.000878 

0.000612 

26° 

0.002445 

0.002159 

Oo 

0.000856 

0.000622 

27  • 

0.002717 

0.002405 

7o 

0.000820 

0.000612 

28  • 

0.002995 

0.002657 

8° 

0.000772 

0.000590 

29<» 

0.003279 

0.002918 

9° 

0.000706 

0.000550 

30« 

0.008569 

0.003179 

10<» 

0.000622 

0.000492 

81» 

0.003869 

0.003458 

11<» 

0.000524 

0.000420 

82  • 

0.004181 

0.008739 

12« 

0.000412 

0.000334 

83  • 

0.004503 

0.004085 

13' 

0.000288 

0.000236 

34« 

0.004886 

0.004342 

14o 

0.000150 

0.000124 

85" 

0.005180 

0.00466» 

15» 

Normal 

Normal 

86» 

0.005533 

0.00498T 

16<» 

0.000173 

0.000147 

87  • 

0.005895 

0.005328 

17° 

'     0.000857 

0.000805 

88  • 

0.006265 

0.005667 

18« 

0.000551 

0.000473 

89 » 

0.006644 

0.006040 

19» 

0.000756 

0.000652 

40  » 

0.007082 

0.006382 

20^ 

0.000971 

0.000841 

41 «» 

0.007428 

0.006752 

21  o 

0.001119 

0.001039 

43« 

0.007832 

0.007130 

22° 

0.001428 

0.001246 

43 « 

0.008244 

0.007516 

230 

0.001670 

0.001462 

440 

0.008664 

0.007910 

240 

0.001920 

0.001686 

45° 

0.009092 

0.008312 

The  numbers  of  the  third  column  represent  the  total  relative  expan- 
sions of  1  c.c.  of  water,  starting  from  15°  C.  as  a  normal.  They  were 
obtained  by  subtracting  the  number  0.000026,  the  co-eflicient  of  expan- 
sion of  glass  for  1°  C.  as  many  times,  from  the  quantities  in  the  second 
column,  as  there  are  units  between  the  corresponding  number  of  degrees 
and  15°  C.  The  numbers  in  this  third  column  represent  the  apparent 
expapsion  of  water  in  glass  vessels. 

If  we  wish  to  know  the  weight,  in  grammes,  of  100  c.c.  of  distilled 
water  at  15°  C,  we  must  refer  to  the  definition  of  the  gramme,  which  is : 
the  weight  of  1  c,c.  of  distilled  water  a<  4°  C7.,  taken  in  vacuo. 


*  Also  American  Chemist,  loe,  cU, ;  Chemical  News,  vol,  XXXV,  p.  161 ;  and 
Mcmiteur  Scientijique  for  March,  1877,  p.  237. 
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By  referring  to  the  second  column  of  Table  No.  1,  we  may  see  that 
if  we  take  1  c.c.  of  water  at  15**  C,  and  lower  the  temperature  to  4*^, 
the  cubic  centimeter  of  water  becomes  1  —  0.000887  =  0.999113  c.c, 
which  will  weigh  in  vactto  0.999113  grammes ;  therefore,  the  weight  of 
100  c.c.  of  distilled  water  at  15°  C.  and  in  vacuo  is  99.9113  grammes. 
To  make  this  result  of  practical  value,  we  must  proceed  to  eliminate 
the  two  conditions  of  weighing  in  vacuo  and  at  the  temperature  of 
15°. 

It  is  no  easy  matter  to  keep  liquids  for  any  length  of  time  at  a 
temperature  different  from  that  of  the  room  in  which  we  operate,  and, 
when  the  temperature  of  the  liquid  is  much  lower  than  that  of  the 
room,  condensation  of  moisture  takes  place  on  the  surface  of  the  vessel 
which  holds  the  liquid,  which  circumstance  interferes  with  accurate 
weighing. 

As  the  most  favorable  condition  is  that  the  temperature  of  the 
liquid  be  the  same  as  that  of  the  room,  I  give,  in  the  second  column  of 
Table  No.  2,  the  quantity  of  distilled  water  to  be  weighed  in  vacuo  at 
every  degree  from  4°  to  45°  C,  so  that  the  volume  shall  be  that  which 
in  a  glass  vessel,  at  15°  is  equal  to  100  c.c.  We  will  afterwards 
eliminate  the  condition  of  weighing  in  vacuo. 

If  we  had  a  flask  made  of  a  material  which  would  not  expand  by  the 
action  of  heat,  and  this  flask  had  a  volume  of  100  c.c,  we  could  calcu- 
late from  the  second  column  of  Table  No.  1,  for  every  degree  of  tem- 
perature above  and  below  15°,  the  weight  of  water  which  is  equivalent 
to  99.9113  grammes  at  15°,  or,  in  other  words,  the  weight  of  water 
which  would  occupy  100  c.c     For  instance,  the  weight  at  16°  would 

be  99.9113  Xr-^r^r-Yi^-,  and  so  on  for  every  temperature  above  15°. 

99  9113 
For  14°,  we  would  find  :j — ^r-^       ..-,  and  so  on  for  every  temperature 

below  15°. 
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Table  No.  2. 

Weighty  in  grammes^  of  distilled  water ^  occupying  a  volume^  in  a  glass 

vessel,  equal  (o  100  ex,  at  15°  C, 


Weight  of 

Weight  of 

Degrees 

Weight  of 

distlUed  water 

Degrees 

Weight  of 

distilled  water 

dtotiUed  water 

atnresBure 
=7ob  mm.  of 

distilled  water 

at  presBore 
=760  mm.  of 

Centigrade. 

in  vacuo. 

Centigrade. 

in,  f)acuo. 

mercury. 

mercury. 

4° 

99.9712 

99.8595 

25° 

99.7200 

99.6163 

5° 

99.9723 

99.8610 

26° 

99.6960 

99 . 5927 

6° 

99.9735 

99 . 8626 

27° 

99.6716 

99.5686 

7° 

99 . 9723 

99.8618 

28° 

99.6465 

99.5439 

8° 

99.9702 

99.8601 

29° 

99.6211 

99.5189 

9° 

99.9662 

99.8565 

30° 

99 . 5945 

99.4926 

10° 

99.9604 

99.8512 

31° 

99.5674 

99.4658 

11° 

99.9532 

99 . 8444 

32° 

99 . 5390 

99.4377 

12° 

99.9446 

99.8362 

33° 

99.5097 

99.4087 

ia° 

99.9348 

99.8268 

34° 

99.4793 

99.3787 

14° 

99.9237 

99.8161 

35° 

99.4479 

99 . 3476 

15° 

99.9113 

99.8041 

36° 

99.4155 

99  3155 

16° 

99  8965 

99.7896 

37° 

99.3723 

99.2726 

17° 

99.8818 

99.7753 

38° 

99.3482 

99.2488 

18° 

99.8640 

99 . 7578 

39° 

99.3114 

99.2124 

19° 

99 . 8462 

99.7404 

40° 

99.2777 

99.1790 

20° 

99 . 8273 

99.7218 

41° 

99.2412 

99.1428 

21° 

99.8075 

99.7024 

42° 

99.2040 

Q9.1060 

22° 

99 . 7869 

99.6821 

43° 

99.1660 

99.0682 

23° 

99 . 7654 

99.6610 

44° 

99.1272 

99.0298 

24° 

99.7431 

99 . 6390 

45° 

99.0877 

98.9906 

As,  however,  we  have  to  deal  with  a  glass  flask,  w^hose  volume 
varies  with  the  temperature,  we  must  use  the  3d  column  of  Table  No.  1 , 
the  numbers  of  which  were  obtained,  as  we  have  already  said,  by  sub- 
tracting from  the  corresponding  numbers  in  the  second  column  the 
number  0.000026,  the  co-efiicient  of  expansion  of  glass  as  many  times 
as  there  are  units  in  the  difference  between  the  number  expressing  the 
degree  of  temperature  and  15°  C. 

If  we  have  a  glass  vessel  holding  1  cubic  centimeter  of  water  at  15°, 
and  if  we  mark  the  place  on  its  neck  which  corresponds  to  the  surface 
of  the  liquid,  when  we  come  to  raise  the  temperature  of  the  vessel  and 
its  contents  to  16°,  the  liquid  will  expand,  as  we  have  said,  to 
1 .000173  cc. ;  but  the  volume,  marked  on  the  glass  vessel,  will  itself 
expand  to  1.000026  cc,  and  the  expansion  of  the  liquid  beyond  the 
line  on  the  glass  would  be  the  difference  —  0.000147  cc,  and  the  weight 

0.9991 13 


of  liquid  below  the  line  would  be 


10 


1.000147 


grammes.     If  the  flask  is 
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capable  of  holding  100  c.c.  at  15^,  up  to  a  line  on  its  neck,  the  weight 

99  9113 
up  to  that  line  at  16°  would  be  ■  -   '  =  99.8965.     By  proceeding  in 

the  same  manner  for  al]  temperatures  up  to  45°,  we  obtain  a  series  of 

numbers,  expressing  the  weight  in  grammes,  taken  in  vacuo,  which  will 

occupy  a  volume  in  a  glass  vessel,  which,  at  15°,  is  equal  to  100  cubic 

centimeters.     These  we  place  in  the  2d  column  of  Table  No.  2. 

For  temperatures  below  15°,  we  may  notice,  that  if  we  cool  down 

1  c.c,  from  15°  to  14°,  the  volume  is  reduced  to  1  —0.000124=0.999876 

cc,  and,  consequently,  to  fill  up  the  flask  up  to  the  mark  representing 

99.91 13 
100  c.c.  at  15°,  we  must  weigh     QQQft.Y/» = 99.9237  grammes.    In  the 

same  manner  we  obtain  the  weights  for  temperatures  down  to  4°  C, 
and  we  also  place  the  numbers  thus  obtained  in  the  second  column  of 
Table  No.  2. 

We  may  now  proceed  to  eliminate  the  condition  of  weighing  in 
vacuo,  by  considering  that  a  body,  placed  in  a  medium,  loses  a  weight 
equal  to  that  of  the  medium  displaced. 

Therefore,  if  we  subtract,  from  the  numbers  of  the  second  column, 
the  weight  of  100  c.c.  of  air  at  the  atmospheric  pressure,  and  at  the 
various  temperatures  from  4°  to  45°  C,  we  obtain  quantities  expressing 
the  number  of  grammes  of  distilled  water,  which,  at  the  pressure  of 
the  atmosphere,  would  occupy  a  space  in  a  glass  vessel,  which,  at  15°, 
is  equal  to  100  c.c.  We  have  done  this  for  the  pressure  equal  to  760 
millimeters  of  mercury,  the  normal  pressure  of  the  atmosphere.  At 
this  pressure,  and  at  0  degree  C,  100  cubic  centimeters  of  air  weigh 
0.1293  grammes,  and  we  might  take  this  weight  as  the  base  of  our  cal- 
culations ;  but  we  may  take  into  account  the  weight  of  air  displaced 
by  the  brass  weights,  placed  on  the  other  pan  of  the  balance,  which  is 
to  be  subtracted.  As  all  the  larger  weights  used  by  chemists  are  made 
of  brass,  where  specific  gravity  is  8,  we  should  take  J  of  0.1293= 
0.1132  grammes,  which  is  the  difference  of  the  weight  of  air  displaced 
at  0°  C.  by  100  c.c.  of  water,  and  by  the  corresponding  brass  weights. 

The  expansion  of  air  for  every  degree  Centigrade  is  equal  to  0.00366, 
and,  therefore,  the  weight  of  air,  which,  at  every  degree  of  temperature, 
occupies  the  same  volume  as  0.1132  grammes  at  0,  is: 

0.1132 
1  +0.00366  t, 
t  being  the  degree  Centigrade. 

By  subtracting  the  numbers  thus  obtained  from  those  of  the  second 
column  of  Table  No.  2,  we  obtain  in  a  third  column,  the  number  of 
grammes  of  distilled  water,  which,  at  the  normal  pressure  of  the  atmos- 
phere, and  for  every  degree  from  4°  to  45°  C,  we  are  to  weigh,  so  as 
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to  fill  up  a  volume  in  a  glass  vessel,  which,  at  15°,  is  equal  to  100  cubic 
centimeters.* 

In  conclusion  of  this  first  part,  which  relates  to  graduated  measur- 
ing vessels,  I  propose  to  repeat  what  1  have  said  on  a  previous  occasion 
(Proceedings  of  A.  0.  S,,  Vol.  I,  2d  part,  p.  23,  foot  note),  to  show  the 
accuracy  of  the  numbers  in  Table  No.  1 .  I  do  this  because,  if  I  have 
been  successful  in  explaining  what  I  had  to  say,  you  must  be  satisfied 
that^  if  Table  No.  1  is  correct,  Table  No.  2  is  equally  so. 

A  long  time  before  calculating  Table  No.  1 , 1  found  directly,  by 
experiment  (American  Chemist,  June  1874,  p.  449),  that  the  total  rela- 
tive expansion  of  water  from  5°  to  45°  C.  was  0.00021.  Now,  if  we 
calculate  this  same  quantity  from  Table  No.  1,  by  adding  the  total  con- 
traction at  5°  (0.000612)  to  the  total  expansion  at  45°  (0.008312),  the  sum 
0.008924,  divided  by  40,  will  give  0.000223,  which  is  as  near  0.000210 
as  could  be  expected,  if  we  remember  that  the  extreme  numbers, 
0.000612  and  0.008312,  contain  the  accumulated  errors  of  this  table.f 

VERIFICATION   OF   AREOMETERS. 

The  areometer,  whose  correctness  we  have  to  verify,  may  either 
indicate  specific  gravities,  or  its  scale  is  one  whose  divisions  are  equal 
to  one  another.  In  the  latter  case,  the  specific  gravity  corresponding 
to  any  division  of  the  scale  may  be  found  by  the  formulas  which  were 
given  in  the  paper  On  Areometers^  which  I  had  the  honor  of  reading 
before  this  Society  in  the  month  of  April  of.  last  year. 

In  these  formulas,  N  is  the  total  number  of  degrees  of  even  scale, 
d  a  degree  of  this  scale,  and  P  the  corresponding  specific  gravity. 

^    ,  ..T       Pd 

We  have:  N=: 


P= 


P-1 

N 

N-d 

N 


d=N-p. 

If,  for  instance,  we  take  for  the  specific  gravity  of  sulphuric  acid, 
H*SO*,  the  number  1.845,  found  by  Dr.  Ure,  and  use  Beaume's  are- 
ometer, in  which   this  specific  gravity  corresponds  to  66°,  we  have 

1  845  X  66 
N=  '  ■ — =144.02,  which  is  as  near  as  possible  the  generally  ac- 

*  As  the  capacity  equal  to  100  c.c.  at  15^  in  a  glass  vessel  Tarie?  with  the 
temperature,  a  further  correction  might  be  made  for  this  variation,  but  it  is  so  in- 
significant as  Dot  to  affect  the  4th  decimal  at  45^  C. 

f  The  table  of  Dr.  Hermann  Kopp,  agrees  still  more  closely  with  the  result  I 
found,  it  gives  for  the  mean  expansion  for  1°,  between  4"  and  46°  C,  0.000209.  (See 
American  Chemist,  June  1874,  p.  449.) 
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oepted  standard  for  Beaume's  areometer  in  Germany  and  in  this  coun- 
try, in  which  N=144.  As,  however,  graduation  of  even  scale  can  never 
be  anything  but  a  conventional  matter,  any  other  number,  N,  founded 
on  any  other  specific  gravity,  as  determined  by  any  other  chemist, 
would  be  equally  good,  provided  this  other  number,  N,  was  generally 
accepted. 

In  the  paper  to  which  I  have  referred,  mention  was  made  several 
times  of  the  verification  of  areometers  by  ascertaining  the  correspond- 
ing specific  gravity  by  the  balance ;  but  I  did  not  enter  into  any  details 
as  to  the  manner  of  taking  these  specific  gravities.  I  propose  to  do  this 
now,  as  the  subject  is  one  of  great  importance,  and  more  open  to  mis- 
understandings than  I  had  supposed. 

We  must,  in  the  first  place,  recall  the  definition  of  the  specific 
gravity  of  a  liquid,  which  is  :  the  qiiotient  obtained  by  dividing  the  weight 
of  a  certain  volume  of  the  liquid  by  the  weight  of  the  eame  volume  of 
water,  both  weights  being  taken  at  the  same  temperature  and  the  same 
pressure. 

If  our  measuring  vessels  retained  a  constant  volume  at  all  tenapera^ 
tures,  and  if  the  dilatation  of  all  liquids  was  the  same  for  equal  varia- 
tions of  temperature,  the  specific  gravity  of  a  liquid,  which  is  its 
weight,  compared  with  that  of  water,  under  the  same  volume,  would 
be  the  same  at  all  temperatures.  If  at  4°,  and  in  vacuo,  100  c.c.  of  a 
liquid,  whose  specific  gravity  is  1.6,  weigh  150  grammes,  at  25*^,  and  i« 

vacuo,  the  weight  of  100  c.c.  of  water  being     ooqofl?^^^'^^  grammes, 

the  weight  of  100  c.c.  of  the  liquid  in  question  would  be  99.69x1.5= 
149.535  grammes. 

As  the  volumes  of  glass  vessels  increase  by  heat,  and  as  the  expansions 
of  liquids  are  different  for  the  same  variation  of  temperature,  it  is  cus- 
tomary, in  areometers,  as  in  measuring  vessels,  to  specify  that  the  grad- 
uations are  taken  at  a  certain  temperature,  which  is  generally  15°  C. 

For  the  purpose  of  testing  areometers,  and,  in  general,  for  taking 
the  specific  gravities  of  liquids  at  15°,  it  is  very  convenient  to  have  a 
glass  flask,  which,  at  15°  and  at  the  pressure  of  the  atmosphere,  holds 
exactly  100  grammes  of  distilled  water  up  to  a  line  on  its  neck.  Then 
the  number  of  grammes  gives  directly  the  specific  gravity,  at  15°,  of 
any  liquid,  occupying  the  same  space,  without  further  calculation. 

Now,  I  wish  to  call  to  your  attention,  that,  if  we  have  a  flask  gradu- 
ated in  this  manner,  we  may,  at  any  temperature,  obtain  indications  to 
verify  the  scales  of  areometers. 

If  the  temperature  of  the  liquid  is  different  from  15°,  and  the  areom- 
eter marks  1.5  specific  gravity,  the  indication  is  not  correct  on  account 
of   the  variation  of  the  volume  of  the  liquid  and  of  the  areometer. 
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But  if  we  keep  the  liquid  at  the  same  temperature,  and  place  it  in  the 
flask,  so  as  to  fill  the  volume,  which,  at  15°,  holds  100  grammes  of 
water,  and  we  find  that  the  weight  of  the  liquid  is  150  grammes,  we 
may  conclude  that  the  areometer  which  showed  1.5  sp.  gr.  was  correct. 

The  reason  for  this  conclusion  is,  that,  although  both  indications  are 
incorrect,  the  error  depends  on  the  expansion  of  glass  and  the  expansion 
of  the  liquid,  and  these  are  exactly  the  same  in  both  cases ;  therefore, 
if  these  errors  were  eliminated,  the  equality  would  still  persist. 

To  express  this  preposition  algebraically,  suppose  that  a  and  b  are 
the  indications  that  we  would  have  at  15°  with  the  areometer  and  the 
flask  respectively,  and  that  x  and  y  are  the  errors  in  each  case  from 
operating  at  a  temperature  diflerent  from  15°.  If  a+x:=b-\'y,  and  if 
at  the  same  time  x=^y,  then  a  =  6. 


XXXI — Pbooeedingb. 
Regular  Meeting^  Thursday^  September  bth,  1878. 

Vice-President  Chandler  in  the  chair. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  following  report  of  the  meeting  of  the  Board  of  Directors, 
held  July  16th,  1878,  was  presented : 

Present — Mr.  Casaraajor,  in  the  chair,  and  Messrs.  Eastwick, 
Habirshaw,  Endemann,  Goldmark,  Sherer,  Shapleigh  and  Als- 
berg. 

A  bill  of  Messrs.  Baker  &  Godwin,  for  $228  for  printing,  was 
approved  and  ordered  to  be  paid. 

The  following  resolutions  were  adopted : 

1.  That  the  Committee  on  Papers  and  Publications  be  author- 
ized to  publish  the  Proceedings  of  the  Society  for  the  next  three 
months. 

2.  That  the  Treasurer  be  requested  to  notify  all  delinquent 
members  and  associates  to  pay  their  dues,  and  to  call  their  atten- 
tion to  Article  5  of  the  By-Laws;  that  he  shall  report  at  the  Sep- 
tember meeting  the  names  of  all  those  who  have  not  complied 
with  his  request. 

3.  That  the  Treasurer  be  requested  to  state,  at  the  next  meet- 
ing of  the  Board  of  Directors,  the  balance  of  funds  then  at  the 
disposal  of  the  Society. 

4.  That,  it  being  desirable  to  have  No.  4  of  Vol.  I  of  the  Pro- 
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ceedings  printed  and  distributed  as  soon  as  possible,  the  members 
who  have  not  yet  presented  their  papers  for  this  number,  be  re- 
quested to  send  in  their  contributions  before  September  1st. 

The  following  were  elected  : 

As  members — H.  G.  Debrunner ;  W.  P.  Maaon ;  W.  BL  Greene. 

The  following  was  proposed  : 

As  member — Mr.  Chas.  Upham  Shepard. 

Adjourned. 

M.  ALSBERG, 

Recordmg  Secretwry, 
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XXXII. — ^Proobedingb. 
Regular  Meeting^  October  Srd,  1878. 

Vice-President  SillimaD  in  the  chair. 

The  minutes  of  the  previous  meeting  were  read  and  adopted. 

Dr.  C.  U.  Shepard,  Jr.,  was  elected  a  member.  Mr.  G.  F. 
Cruse  was  proposed  for  membership.  Prof.  Froebel  sent  in  his 
resignation,  which  was  accepted. 

The  following  were  elected  a  committee  to  make  nominations 
for  officers  of  the  Society  for  1879  :  Prof.  Chandler,  Dr.  Ende- 
mann,  Mr.  Casamajor ;  with  instructions  to  report  a  list  of  officers 
at  the  next  meeting. 

Prof.  Silliman  gave  an  account  of  the  state  of  chemistry  as  it 
appeared  in  the    Paris  Exposition,   mentioning,  among  others, 
Cailletet's  apparatus  for  the  liquefaction  of  gases ;  an  exhibit  of 
the  rarer  metals,  especially  those  of  the  platinum  group ;  a  new 
alloy  of  two  per  cent,  of  nickel  and  ninety-eight  per  cent,  of  alu- 
minium, which  is  hard,  d^oes  not  tarnish,  and  is  characterized  by 
its  excessive  lightness  (and  therefore,  perhaps,  well  adapted  for 
subsidiary  coins) ;  the  progress  made  in  the  electric  light ;  the 
autogenous  soldering  of  platinum,  an  alloy  of  ninety  per  cent,  of 
platinum  and  ten  per  cent,  of  iridium,  which  has  a  smaller  co- 
efficient of  expansion  than  any  other  metal;  the  artificial  produc- 
tion of  precious  stones  ;  the  splendid  exhibit  of  nickel  by  Mr.  J. 
Wharton,  of  Philadelphia,  &c.     Prof.  Silliman  said  that  there 
was  a  plate  of  palladium  of  one  decimeter  in  diameter,  and  one 
millimeter  in  thickness,  which,  after   absorbing   one  thousand 
volumes  of  hydrogen,  had  its  shape  permanently  altered  from 
that  of  a  flat  plate  to  that  of  a  cup,  while,  at  the  same  time,  all  its 
dimensions  were  increased. 

Adjourned. 

M.  AL8BERG, 

Jiec,  Sec. 


188  PROCEEDINGS, 

XXXIII. — PBOCEBDINaS. 

Regular  Meeting^  Thursday,  Nov,  1th,  1878. 

Vice-President  Casamajor  in  the  chair. 

The  minutes  of  the  previous  meeting  were  read  and  adopted. 

The  Board  of  Directors  reported  as  follows:  At  a  meeting' 
held  Oct.  17th,  1878 — ^present  Mr.  Casamajor,  in  the  chair,  and 
Messrs.  Endemann,  Nichols,  Havemeyer,  Habirshaw,  Ooldmark, 
Eastwick,  and  Alsberg — the  Treasurer  handed  in  the  affixed  re- 
port, according  to  which  there  is  a  balance  in  bank  to  the  credit 
of  the  Society  of  $1,253  65. 

The  following  bills  were  audited  and  ordered  to  be  paid : 
Baker  &  Godwin,  $70 ;  H.  Endemann,  $25  53. 

On  motion  of  Mr.  Habirshaw,  it  was  resolved  to  pay  the  As- 
sistant Librarian  $5  a  week,  and  $2  a  month  for  cleaning  the 
rooms  of  the  Society.  The  Treasurer  also  requested  authority  to 
employ  a  collector,  which  was  granted. 

The  Committee  on  Publications  was  authorized  to  publish  the 
Proceedings  for  the  last  quarter  of  1878. 

It  was  resolved  that  the  Librarian  be  requested  to  purchase  a 
complete  set  of  Berzelius-Liebig's  Jahresbericht  der  Chemie  at 
the  lowest  price,  and  to  furnish  the  Board  of  Directors  with  a  list 
of  the  works  which  he  has  selected  for  the  library. 

Mr.  E.  F.  Cruse  was  elected  a  member. 

The  following  were  proposed : 

As  members — Messrs.  C.  W.  Drew,  £dgar  Everhart,  Dr.  Ira 
Remsen. 

The  first  paper,  by  Prof.  F.  P.  Dunnington,  treated  on  a  new 
method  for  the  determination  of  copper.  The  chairman  re- 
marked  that  a  convenient  volumetric  method  for  the  deter- 
mination of  copper  was  an  object  very  much  desired,  but  not 
accomplished  yet.  The  next  paper,  by  the  same  author,  treated 
on  the  presence  of  manganese  in  the  ash  of  wheat,  whose  blue 
color  had  hitherto  been  ascribed  to  the  formation  of  ultramarine^ 
but  is  really  due  to  some  manganate.  This  was  confirmed  by  Dr. 
Waller,  who  found  it  also  in  the  ash  of  bread,  flour,  yeast  and  pota- 
toes. The  next  paper  was  by  Dr.  Battershall :  Note  on  fibrous 
sadic  chloride.  Dr.  Morton  had  a  paper  read  on  the  Elimination  of 
antimony  from  the  human  system,  in  which  he  proved  that  anti- 
mony can  be  easily  detected  in  urine,  by  directly  passing  HjS 
through  it,  without  having  previously  destroyed  the  organic  mat- 
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ter.  In  the  discussion  which  followed,  the  chairman  said  that  he 
doubted  that  it  was  necessary  to  destroy  the  organic  substances 
previous  to  treating  with  HjS.  In  the  case  of  solutions  of  suga* 
or  molasses,  to  which  enough  HCl  is  added  to  make  them  dis- 
tinctly acid,  HjS  in  a  short  time  precipitates  the  metallic  sub- 
stances, especially  tin ;  the  familiar  brown  precipitate  soon  makes 
its  appearance.  He  mentioned  particularly  the  case  of  tin,  because 
it  has  recently  been  stated  that  it  is  quite  generally  used  by  sugar 
refiners. 

Tlie  Nominating  Conmiittee  reported  the  following  for  officers 
for  1879 : 

President : 
T.  8TERRY  HUNT. 

Viee-Prendentt : 

F.  A.  GENTH,  A.  R.  LEEDS, 
A.  B.  PRESCOTT,  E.  R.  SQUIBB, 

IRA  REMSEN,  W.  M.  HABIRSHAW. 

Corresponding  Secretary  :  Meeording  Secretary : 

P.  CASAMAJOR.  WALDRON  SHAPLEIGH. 

Trennurer :  Librwrian : 

W.  H.  NICHOLS.  ELWYN  WALLER. 

Curators  :  Committee  on  Papers  and  PubUoations  : 

P.  Db  p.  RICKETTS,  H.  ENDEMANN, 

J.  B.  F.  HERRESHOFF,  A.  BEHR, 

C.  M.  STILLWELL.  8.  A.  GOLDSCHMIDT. 

* 

Committee  on  Nominations : 
R  A.  FISHER,  HANBURY  SMITH, 

G.  M.  MILLER.  A.  BOURGOUGNON, 

G.  A.  PROCHAZKA. 

Board  of  Directors : 
A.  R.  LEEDS,  E.  WALLER, 

E.  R.  SQUIBB.  C.  F.  CHANDLER, 

W.  M.  HABIRSHAW,  H.  ENDEMANN, 

P.  CASAMAJOR,  J.  GOLDMARK, 

W.  SHAPLEIGH,  C.  H.  SCHULTZ, 

W.  H.  NICHOLS.  G.  M.  MILLER, 

E.  P.  EASTWICK. 

On  motion  of  Dr.  Chandler,  it  was  resolved  that  the  ticket 
of  officers  for  1879,  with  a  list  of  the  members  and  a  copy  of  the 
constitution  and  by-laws  be  mailed  to  every  member,  with  a  re- 
quest to  return  his  vote  for  officers  for  the  next  year,  at  once. 
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The  motion  of  Mr.  Beckwith — to  post  the  names  of  delin- 
qnents  who  have  not  paid  their  dues  for  1876  and  1877,  with  the 
anounts  which  they  owe,  in  the  rooms  of  the  Society — was 
carried. 

Adjourned.  M.  ALSBERG, 

Itec.  Sec. 


XXXIV. — Nbw  Method  for  the  Dbtermikatiok  of  Copper.* 

By  F.  p.  DUNNINGTON. 

In  a  paper  read  before  the  American  Philosophical  Society,  Decem- 
ber, 1877,  by  Prof.  Edgar  F.  Smith,  of  the  University  of  Pennsylvania, 
an  art'cle  was  given  on  the  determination  of  copper  by  precipitation 
with  sodium  carbonate,  and  then  boiling  until  the  carbon  dioxide  is  ex- 
pelled. 

The  delay  required  for  the  boiling,  which  is  also  attended  with  some 
l)umping,  may  be  avoided  by  the  following  modification  of  that  method, 
and  with  the  additional  advantage  that  the  precipitate  does  not  adhere 
to  the  vessel  used. 

To  the  boiling  dilute  solution  of  copper,  gradually  add  a  solution  of 
sodium  carbonate  to  slight  excess,  then  add  a  dilute  solution  of  sodium 
hydrate,  until  the  precipitate  blackens,  when  it  will  readily  settle,  and 
may  be  washed  by  five  or  six  decantations  with  boiling  water. 

10.026  grms.  of  electrotype  copper  were  dissolved  in  sulphuric  acid; 
the  solution  was  divided  by  weighing.  The  copper  found  by  eleo.  de- 
position, in  a  bright  film,  from  two  equal  portions  of  the  solution, 
weighed  1 .0059  grms.    The  trace  of  iron  remaining  in  the  solution  was 

also  estimated :  r«',r:««  i  C^- —  99.943 

G^^^ng  \  Fe.-      .067 

Two  larger  weighed  portions  of  the  solution  were  precipitated  by 
the  method  above : 

1st.  Precipitated  in  10  min.,  washed,  in  70  min.  with  2  litres 
water,  by  6  decantations,  the  CuO  weighed  2.5165  grms., 
giving  of  the  Cu  present  100.13  p.  c. 
2d.  Precipitated  in  10  min.,  washed  in  80  min.  by  5  decantations, 
the  CuO  weighed  2.5257  grms.,  giving  of  the  Cu  present 
100.16  p.  c. 

In  no  case  was  the  filtrate  found  to  contain  more  than  .0002  grms. 
Cu,  which  was  no  doubt  due  to  the  pores  of  the  filter  paper  ;  and  con- 


*  Since  completing  the  above,  I  find  that  the  method  has  been  lued  by  others  for 
«ome  time ;  as,  however,  I  can  find  no  statement  of  it  in  print,  it  may  be  well  to 
publish  these  results.  F.  P.  D. 
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sidering  the  large  weight  of  the  precipitates,  this  method  appears  most 
satisfactory. 

UmTEBBiTT  OF  YiRODTiA,  Jaoc,  1878. 


XXXV. — Manganese  in  the  Ash  of  Wheat. 
By  p.  p.  DUNNINGTON. 

In  the  examination  of  some  specimens  of  Virginia  wheat  ("  Lancas> 
ter  "  and  "  Fultz  "),  my  attention  was  called  to  the  fact  that  the  purified 
ash,  obtained  by  exhausting  the  crude  ash  with  nitric  acid  and  evap- 
orating to  dryness,  gives,  when  exposed  to  a  dull  red  heat,  a  pink- 
tinted  mass. 

Finding  that  in  six  of  the  seven  specimens  examined  the  color  was 
of  about  the  same  intensity  (in  the  seventh  the  color  was  fainter,  the 
ash  having  probably  been  heated  a  little  more),  I  concluded  to  endeavor 
to  ascertain  to  what  it  was  due. 

The  ash  of  300  grammes  of  ^*  Dark  Lancaster  "  wheat  was  exhausted 
with  nitric  acid,  and  after  separating  the  iron,  the  ammonium  sulphide 
precipitate  was  found  to  contain  manganese,  and  gave,  by  fusion  with 
nitre  and  sodium  phosphate,  a  violet-colored  mass. 

The  ammonium  sulphide  filtrate  evaporated  to  dryness  with  nitric 
acid,  and  heated,  gave  no  pink  color. 

The  total  amount  of  manganese  was  found  to  be  .00144  grm.,  corre- 
sponding to  .027  per  cent,  of  the  pure  ash. 

As  this  ash  is  composed  mainly  of  alkaline  phosphates,  it  is  evident 
that  the  color  is  due  to  the  manganese,  and  similar  to  that  of  the  violet 
mass  from  which  "  Nuremberg  violet "  is  made. 

It  seems  of  interest  to  make  note  of  this  apparent  constant  occur- 
rence of  so  small  an  amount  of  an  element  not  regarded  as  essential  to 
this  grain,  as  I  have  not  been  able  to  find  any  previous  mention  of  it. 

In  the  analysis  of  three  specimens  of  oats,  Mr.  J.  P.  Norton  found 
.72  to  .92  per  cent,  in  the  ash.  See  Aschen-Analysen  v.  Dr.  E.  Wolff, 
page  26. 

UNrvERsiTT  OF  ViBOiNiA,  Junc,  1878. 


XXXVI. — Note  on  Fibrous  Sodic  Chloride. 

By  8.  P.  BATTERSHALL,  Ph.  D. 

An  interesting  and,  to  me  at  least,  rare  crystalline  modification  of 
sodic  chloride  was  brought  to  my  notice  some  time  since  by  Dr.  W.  M. 
Habirshaw.  Through  the  kindness  of  this  chemist,  I  obtained  speci- 
mens of  the  mineral  referred  to,  and  was  thus  enabled  to  submit  it  ta 
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analysis  and  recrystallization.  The  salt  was  found  in  a  cargo  of  Peru- 
vian guano,  and  possesses  the  beautiful  fibrous  structure  shown  by  the 
accompanying  specimens,  which  have  been  freed,  to  some  extent,  from 
an  incrustation  of  ferric  oxide  and  other  foreign  substances.  An  analy- 
sis gave  the  following  result : 

PER  CENT. 

Water 0.729 

Sodic  chloride 95.336 

Potassic  chloride 2.259 

Potassic  sulphate 0.202 

'  Magnesic  sulphate 0.755 

Calcic  carbonate 0.361 


• 


99.642 

Traces  of  silica,  alumina  and  nitrates  were  also  found  to  be  present. 
It  should  be  remarked  that  a  much  larger  quantity  of  lime  and  mag- 
nesia was  found  in  samples  which  contained  more  of  the  amorphous  salt 
noticeable  at  the  end  of  one  of  the  specimens  here  presented.  This  uu- 
crystalline  portion  consists,  to  a  large  extent,  of  calcic  and  magnesio 
carbonates.  Upon  recry stall izing  the  purified  fibrous  salt,  it  was  ob- 
tained in  perfect  cubes,  which  were  found  to  be  nearly  pure  sodic 
chloride,  a  mere  trace  of  potassic  chloride  being  present.  It  will  be  no- 
ticed that,  in  the  above  analysis,  the  greater  part  oi  the  sulphuric  acid 
is  combined  with  the  magnesia ;  and  it  need  scarcely  be  added  that  it 
could,  with  equal  right,  be  accounted  for  as  sodic  or  potassic  sulphate. 
But,  in  any  case,  the  fact  that  above  4  per  cent,  of  foreign  saline  ingre- 
dients modify  in  a  marked  degree  the  crystalline  form  of  sodic  chloride 
appears  to  be  indicated.  And  this,  I  considered,  a  sufficient  excuse  for 
calling  the  attention  of  the  Society  to  the  subject. 


XXXVII. — Note  ok  the  Elimination  of  Antimony  from  the  Human 

System. 

By  henry  MORTON,  Ph.  D  , 

I^tsident  of  the  Stevens  Institute  of  Technology, 

In  hopes  of  throwing  some  light  on  certain  points  connected  with 
the  elimination  of  antimony  from  the  human  system,  concerning  which 
there  seems  to  be  a  degree  of  discrepancy,  or  at  least  uncertainty,  in 
the  works  of  the  standard  authorities  on  toxicology,  the  following  ex- 
periments were  made  by  the  present  writer.  Though  they  are  far  from 
exhausting  the  line  of  investigation  indicated,  it  is  believed  that  they  at 
least  establish  some  valuable  data,  and  build  up  some  few  paces  of  the 
desired  road. 
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In  order  to  secure  material  for  analysis,  tartar  emetic,  in  doses  of 
.half  a  grain  each,  was  administered  every  evening  about  ten  o'clock, 
for  three  successive  days,  and  the  urine  discharged  collected  in  two  por- 
tions for  each  twenty-four  hours— one  being  that  discharged  at  rising  in 
the  morning,  and  the  other  consisting  of  the  rest  discharged  at  various 
times  during  the  day  and  evening. 

The  analyses  were  conducted  as  follows :  The  fluid  was  concentrated 
to  about  one-third  its  volume  by  evaporation  on  the  water  bath,  hydro- 
chloric acid  then  added,  and  sulphureted  hydrogen  passed  through^  with 
occasional  warming  for  about  twelve  hours.  The  precipitate  was  then 
separated  by  filtration,  and  thoroughly  washed  until  no  trace  of  chlorine 
could  be  detected  in  the  filtrate,  with  nitrate  of  silver.  The  filter  (paper 
and  all)  was  then  oxydized  by  repeated  treatment  with  strong  nitric 
acid,  and  evaporated  to  dryness ;  and  further,  carbonized  by  the  action 
of  strong  sulphuric  acid,  aided  by  a  moderate  heat  not  over  1 60°  C. 

When  a  portion  of  the  charred  mass  yielded  a  colorless  solution  in 
boiling  water,  the  whole  was  pulverized  and  digested  with  hot  water 
containing  a  little  hydrochloric  acid. 

The  clear,  colorless  liquid  was  then  separated  from  the  carbon  by 
filtration,  and  treated  with  sulphureted  hydrogen  and  warmed. 

Antimony,  when  present,  was  then  precipitated  in  miLute  flocks, 
with  its  characteristic  orange  color,  as  hydrated  ter-sulphide. 

An  assertion  having  been  very  confidently  made  that  such  a  treat- 
ment as  the  above  would  fail  to  detect  small  amounts  of  antimony,  be- 
cause the  organic  matter  present  would  prevent  its  precipitation  by 
sulphureted  hydrogen,  it  was  thought  worth  while  to  settle  that  ques- 
tion once  for  all  by  a  decisive  experiment,  although  the  intrinsic  itn- 
probability  and  unsupported  character  of  the  assertion  hardly  entitled  it 
to  so  much  attention. 

Accordingly,  in  several  cases  after  the  first  treatment  with  sulphu- 
reted hydrogen,  the  liquids  passing  through  the  filter  and  the  washings 
were  concentrated,  oxydized  with  niti-ic  acid,  then  with  hydrochloric 
acid  and  chlorate  of  potash,  and  heated  on  the  water  bath  until  the 
smell  of  chlorine  had  nearly  disappeared.  Water  was  added  from  time 
to  time  to  replace  that  lost  by  evaporation.  Sulphureted  hydrogen 
was'  then  passed  through  the  liquids,  and  their  precipitates  were  treated 
as  before. 

In  no  case  was  the  slightest  trace  of  antimony  discovered  in  any  of 
the  filtrates  thus  treated,  from  which  it  evidently  appeared  that  none 
had  escaped  the  first  precipitation  with  sulphureted  hydrogen  and  that 
no  advantage  would  have  been  gained  by  the  application  of  the  much 
more  elaborate  treatment  involved  in  partially  oxydizing  the  organic 
matter  in  the  first  instance. 
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The  general  results  are  here  given  in  tabular  form,  as  the  most  con- 
yenient  and  explicit : 

June  18th,  10  p.m.  First  dose  of  |  grain  administered. 
"     19th,    6  a.m.  Collected  urine,  7^  ozs.    Slight  orange  pre- 
cipitate. 
"        **  to  10  p.  M.  Collected  urine,  17  ozs.     Orange  precipitate 

less  than  the  previous  one. 
June  19th,  10  p.m.  Second  dose  of  ^  grain  administered. 
'^     20th,   6  A.  M.  Collected  urine,  OJ  ozs.     Orange  precipitate 

in  larger  amount  than  the  first. 
"        ''  tolOp.M.  Collected  urine,  15  ozs.     Orange  precipitate 

larger  than  any  before. 
June  20th,  10  p.  m.  Third  dose  of  i  grain  administered. 
"     21st,    6  A.  M.  Collected  urine,  7i  ozs.     Orange  precipitate 

like  the  previous  one. 
"        "  to  10  p.  m.  Collected  urine,  17^  ozs.     Orange  precipitate 

like  the  last. 
June  22d,     6  a.  m.  Collected  urine,  12  ozs.     Orange  precipitate 

less  than  those  of  previous  day. 
"       "  to  10  p.m.  Collected  urine,  18  ozs.     Orange  precipitate 

larger  than  morning  of  the  same  day. 
June  23d,     6  a.  m.  Collected  urine,  9  ozs.     Orange  precipitate 

less  than  on  previous  day. 
"       "  tolOp.M.  Collected  urine,  19  ozs.     Orange  precipitate 

larger  than  in  the  morning. 
June  24th.  Entire  quantity  collected,  24  ozs.     Orange  precipitate 

about  equal  to  second  lot  of  June  23d. 
June  25th.  Entire  quantity  collected,  30  ozs.     Yellow  color  ap- 
pearing slowly,  small  precipitate  only  after  stand- 
ing 10  minutes. 
The  above  observations  and  results  would  indicate  that  antimony,, 
when  swallowed  even  in  very  small  doses,  is  very  promptly  eliminated, 
in  part  by  the  kidneys,  and  continues  to  be  so  eliminated  constantly. 
With  such  small  doses  as  were  here  employed,  it  is  not  likely  that  the 
elimination  could  have  been  traced  much  further  than  it  was  in  these 
experiments,  namely,  for  five  days  after  the  last  dose. 

The  rate  of  elimination  during  these  five  days  was  steadily  decreas- 
ing, the  difference  between  the  morning  and  later  collection  being 
simply  such  as  should  result  from  the  larger  quantity  obtained  in  the 
second  lot. 

Whatever  was  the  state  of  combination  of  the  antimony  on  its 
elimination,  it  certainly  was  one  which  offered  no  obstruction  to  its 
precipitation  by  sulphureted  hydrogen,  when  applied  in  the  usual 
manner. 
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XXXVIII. — ^Pboceedinqb. 
Regular  Meeting,  Thursday,  December  6/A,  1878. 

Vice-President  Caaamajor  in  the  chair. 

The  minutes  of  the  previous  meeting  were  read  and  adopted. 

After  a  few  remarks  of  the  Vice-President,  on  the  present 
state  of  the  Society,  the  Treasurer,  Librarian  and  Curators  pre- 
sented their  reports,  which  were  accepted.  There  is  a  balance  in 
bank  to  the  credit  of  the  Society  of  $1,208  44. 

The  exact  amount  due  the  Society  from  all  sources  is  difficult 
to  state,  but  is  about  $2,300.  Of  this  amount  it  is  probable  that 
we  can  collect  only  about  $1,500.  Many  members  upon  the 
books  have  never  paid  anything,  and  many  more  have  never  paid 
after  their  first  remittance. 

I  would  here  earnestly  express  the  wish  that  members  would 
immediately  remit  the  amount  of  their  dues,  upon  receiving  no- 
tification, before  the  matter  slips  from  their  minds.  I  am  satis- 
fied that  many  are  delinquent  simply  from  forgetfulness.  It  is 
not  fair  that  such  should  be  dropped  from  our  rolls  until  every 
means  of  collecting  from  them  has  been  exhausted ;  but  I  would 
advise  the  appointment  of  a  Committee  to  revise  our  list  of 
members,  and  report  such  names  as  they  deem  advisable  to  have 
dropped  from  the  roll. 

The  Librarian  reported  as  follows : 

Report  op  the  Librarian. 

The  Librarian  congratulates  the  Society  upon  the  present  state  of 
the  library  as  affording  promise  of  collecting,  in  time,  a  large  and  valu- 
able library.  The  library,  it  is  true,  is  small,  but  contains  already  many 
standard  works,  as  well  as  some  valuable  on  account  of  their  distin- 
guished authors  or  the  time  at : which  they  were  published.  It  is  un- 
necessary to  rehearse  the  vicissitudes  of  the  Society  before  it  attained  a 
local  habitation,  and  until  that  was  aGCf)mplished,  the  collection  of  books 
was  impossible.  The  list  of  acquisitions  of  the  library  during  the  past 
year,  therefore,  includes  really  an  entire  catalogue  of  the  present  lib> 
rary.  This  is  given  in  the  lists  appended.  Without  here  giving  the 
titles,  the  resume  of  these  lists  is  as  follows : 

Books  purchased,  12  works,  175  volumes. 

Books  presented  to  the  library,  54  works,  169  volumes. 

Beside  these,  the  Society  has  on  its  shelves  6  works,  in  21  volumes, 
loaned  by  members  to  supply,  so  far  as  possible,  the  present  deficiencies 
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of  the  library,  until  the  Society  can  acquire  possession  of  copies,  by 
gift,  exchange  or  purchase. 

The  list  of  conti-ibutors  to  the  library  includes  the  names  of 
twenty-seven,  almost  all  of  whom  are  active  or  associate  members  of 
the  Society. 

The  receipt  on  behalf  of  the  Society  of  a  dozen  portraits  of  eminent 
chemists,  of  two  engravings,  and  of  tables  of  elements  and  spectra,  for 
thiB  adornment  of  our  walls,  may  also  be  mentioned  here. 

A  summary  of  the  property  of  the  Society  in  the  charge  of  Ibe 
Librarian  includes,  therefore,  65  works,  in  344  volumes,  divided  as 
follows : 

Periodicals 11  works. 

Dictionaries  and  other  books  of  reference. . .  10 

Books  on  special  subjects 17 

Pamphlets , 27 

Pictures  and  diagrams 19 

The  necessity  of  obtaining  exchanges  treating  of  current  events  in 
the  world  of  chemistry  is  too  obvious  to  need  more  than  a  passing 
reference.  The  Librarian  hopes  to  be  able  to  report,  at  the  end  of  the 
coming  year,  a  gratifying  increase  in  that  department. 

With  regard  to  the  loan  collection,  although  it  is  true  that  most 
chemists  owning  valuable  books  of  reference  for  their  own  use,  desire 
to  have  them  on  their  own  book-shelves,  yet  if  such  works  can  be  tem- 
porarily spared  by  the  members,  and  do  not  happen  to  be  as  yet  in  the 
possession  of  the  Society,  it  is  to  be  hoped  that  they  can  be  placed  on 
the  library  shelves  for  general  use,  so  long  as  the  owners  may  be  able 
to  do  so,  and  thereby  subserve  one  of  the  main  objects  of  the  Society, 
which  I  understand  to  be  mutual  aid  and  assistance  in  the  pursuit  of  the 
science  of  chemistry.  The  idea  of  a  loan  collection  originated,  I  be- 
lieve, with  Mr.  Casamajor ;  and  too  much  cannot  be  said  in  favor  of  its 
kindly  reception  by  the  other  members  of  the  Society. 

The  Librarian  also  desires  to  direct  the  attention  of  the  members  to 
another  point.  The  Society  is  by  no  means  wealthy,  and  there  are  un- 
merous  works  which  it  should  possess,  which,  if  not  presented  to  it, 
must  be  purchased.  The  members  who  have  the  welfare  of  the  Society 
and  its  objects  at  heart  are  earnestly  requested  to  present  to  the  Society 
what  books  they  may  have,  or  may  become  possessed  of,  and,  at  least, 
to  present  to  the  library  such  books  or  papers  as  they  may,  from  time 
to  time,  have  already  published,  in  order  that  the  Society  may  possess 
a  record  of  the  work  of  its  members  in  the  science  in  which  we  all  are, 
it  is  to  be  hoped,  earnest  and  faithful  workers. 

For  List  of  Books  in  the  Library,  see  pages  155-159. 
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The  Society  then  proceeded  to  the  election  of  oflScers  for  the 
year  1879.  The  ticket  as  agreed  upon  at  the  last  meeting  waa 
found  to  have  been  elected.  Mr.  Shapleigh,  however,  declining 
to  serve  as  secretary,  on  account  of  a  prospective  removal  from 
New  York,  Dr.  S.  A.  Goldschraidt  was  elected  in  his  stead,  and 
tiie  vacancy  thus  caused  on  the  Committee  on  Papers  and  Publi- 
cations filled  by  the  election  of  Dr.  G.  E.  Moore. 

The  Chairman  appointed  the  following  committees :  On 
Booms — ^Messrs.  Waller,  Goldschmidt  and  Bossi ;  and  on  Conver- 
saziones— Messrs.  Bossi  and  Nichols. 

The  following  were  elected : 

As  members — Messrs.  Ira  Bemsen,  Edgar  Everhart  and  C.  W. 
Drew. 

The  following  were  proposed : 

As  members — ^Messrs.  H.  M.  Mclntyre  and  and  G.  W.  Wigner. 

Professor  A.  B.  Leeds  read  the  following  papers : 

Upon  the  alteration  of  standard  ammonia  solutions,  when  kept 
in  the  dark. 

Upon  the  importance  of  the  element  of  time  in  the  perform- 
ance of  certain  titrations. 

EflBciency  of  chemical  methods  of  ozonation. 

Upon  the  determination  of  nitrates. 

Dr.  Waller  remarked,  that  it  seemed  to  him,  that  in  making  the 
test  with  starch  and  KI,  iodine  is  slowly  liberated  in  some  unex- 
plained manner. 

Dr.  Moore  gave  his  experience  about  the  purification  of  HCl, 
SOs  and  NjOa. 

The  Chairman  called  the  attention  of  the  Society  to  the  fact 
that  in  this  month  occurs  the  centennial  anniversary  of  the  birth 
of  Guy-Lussac  and  Sir  Humphrey  Davy,  of  which  the  Society 
ought  to  take  cognizance.  It  was  resolved  to  celebrate  the  anni- 
versary by  a  supper  at  the  next  conversazione,  and  to  invite  Presi- 
dent Johnson  to  deliver  an  informal  address. 

Adjourned.  M.  ALSBEBG, 

liec.  Sec. 


XXXIX. — Upon  the  Alteration  op  Standard  Ammonium  Chloride 

Solution,  when  kept  in  the  Dark. 
BY  ALBERT  R.  LEEDS,  Ph.  D. 
In  February,  18T7,  M.M.  Schloesing  and  Muntz  communicated  to 
the  French  Academy  (Comptes  Rendus,  Ixxxiv,  301)  the  results  of 
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elaborate  experiments  tending  to  prove  that  nitrification  was  due,  in 
certain  cases,  to  the  action  of  an  organized  ferment.  They  further 
showed,  that  nitrification  could  be  arrested  in  such  cases  by  the  vapor 
of  chloroform,  and  would  not  set  up  again  until  after  the  filtered  sewage 
employed  had  been  freshly  **  seeded  "  by  the  washings  of  a  soil  which 
was  known  to  nitrify.  These  observations  were  verified  and  extended 
by  R.  Warington  (Chem.  News,  xxxvi,  262,  1877),  who  showed,  that 
chloroform  and  carbon  disulphide, effectually  prevent  nitrification  in 
certain  cases,  while  carbolic  acid  is  probably  efifeotive  to  the  extent  in 
which  it  comes  in  contact  with  the  soil.  Moreover,  that  the  action  of 
the  nitrifying  body  does  not  occur  at  all  in  the  light,  darkness  being 
apparently  essential.  In  a  note  upon  the  ferment  theory  of  nitrificatioDy 
by  Prof.  F.  H.  Storer  (Chem.  News,  xxxvii,  268),  he  states,  that  a  solu- 
tion of  ammonium  chloride,  which  had  been  prepared  ten  or  twelve 
months  previously,  gave  a  strong  reaction  for  nitrites.  It  had  been 
preserved  in  a  half-filled  glass-stoppered  bottle,  put  away  in  a  dark  cup* 
board.  Similar  solutions,  seeded  in  various  ways,  but  left  in  a  strong 
light  for  a  number  of  months,  gave  no  reaction  whatever  for  nitrites  or 
nitrates.  The  following  experiments  confirm  these  results,  so  far  as  the 
change  of  the  ammonium  solutions  in  the  dark  is  concerned,  and  give 
the  rate  at  which  it  may  be  expected  to  occur  under  ordinary  circum- 
stances. 

A  standard  solution  of  ammonium  chloride  had  been  prepared 
October  15th,  1877,  by  dissolving  0.7867  grm.  NII4CI,  purified  by 
repeated  sublimation,  in  a  liter  of  re-distilled  water,  free  from  am- 
monia. Another  solution  was  prepared  by  diluting  100  c.c.  of  this 
water  to  1  liter,  and  used  constantly  during  the  months  of  October  and 
November,  1877,  in  making  the  estimations,  which  will  be  found  re- 
corded in  article  entitled  "  Contributions  from  the  Laboratory  of  the 
Stevens  Institute  of  Technology."  *  They  were  put  aside  in  a  dark 
closet,  and  remained  there  until  this  autumn,  when  a  new  standard  am- 
monium chloride  solution  was  prepared,  from  a  fear  lest  the  old  solu- 
tions had  altered.  This  proves  to  have  been  the  case.  A  careful  de- 
termination, as  ammonio-platinic  chloride,  of  the  ammonia  contained 
in  250  c.c.  of  the  stronger  solution,  gave  0.0575  grm.,  or  0.00023  grm. 
in  1  c.c,  instead  of  0.00025,  the  amount  which  the  solution  originally 
contained.  Instead  of  being  perfectly  limpid,  as  it  was  when  made,  the 
solution  contained  a  number  of  white  filaments,  looking  like  the  vestiges 
of  some  vegetable  growth.  The  more  dilute  solution  presented  the 
same  appearances,  but  not  to  so  marked  a  degree. 

25  c.c.  of  the  solution  were  used  in  the  examination  for  nitrites,  but 
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only  a  trace  could  be  shown  in  this  large  quantity  of  the  liquid. 
5  cc  of  the  solution  were  evaporated  3  times  to  dryness  in  a  platinum 
dish  with  0.1  grm.  of  caustic  soda,  prepared  from  sodium,  and  which 
had  been  found  entirely  free  from  nitrogen  compounds.  It  was  then 
distilled  with  6  grms.  pig  iron  in  a  vessel  made  entirely  of  glass,  the 
pig  iron  having  been  previously  repeatedly  distilled  with  water,  until  it 
and  the  vessel  had  ceased  to  give  any  reaction  for  ammonia.  The  dis- 
tillate contained  0.03  mgrm.  H3N,  equivalent  to  0.11  mgrm.  HNO„  or 
0.022  mgrm.  HNO,  per  cubic  centimeter. 

Two  methods  of  avoiding  this  change  are  suggested  by  the  above  : 
1st.  Keeping  the  ammonium  solutions  not  in  the  dark,  as  generally 
happens,  but  in  the  light.  2d.  Addition  of  a  drop  of  chloroform  or 
carbon  disulphide.  The  disulphide  is  inapplicable,  speedily  blackening 
the  Nessler  re-agent ;  the  chloroform  in  our  possession  was  not  entirely 
without  action,  but  it  was  so  slight  as  to  be  hardly  appreciable  when  a 
drop  was  diffused  in  a  considerable  amount  of  water.  1  liter  of  stand- 
ard ammonium  chloride  solution,  containing  0.25  mgrm.  H,N  per  cc, 
was  divided  into  four  parts,  each  part  being  placed  in  a  j-liter  bottle. 
A  piece  of  a  fungus  found  rapidly  growing  in  a  bottle  of  sodium  acetate, 
after  repeated  washing,  was  put  in  each  bottle.  A  drop  of  chloroform 
was  introduced  into  two  of  the  bottles,  one  of  which  has  been  placed 
in  the  light,  the  other  in  darkness.  The  bottles  without  chloroform 
have  been  similarly  placed,  and  it  is  proposed,  after  a  suitable  interval, 
to  determine  what  changes,  if  any,  have  occurred  in  them. 


XL. — Upon  thb  Titration  of  Htdroohlorio  Acid  for  Chlorine,  and 

OF  SULPBURIO  AND  NiTRIC  AciDS  FOR  HtPONITRIO  AgID. 

BY  ALBERT  R.  LEEDS,  Ph.  D. 

I HAVK  never  been  fortunate  enough  to  purchase  hydrochloric,  sul- 
phuric and  nitric  acids,  nominally  C.  P.,  without  finding  that  the  first 
contained  chlorine,  and  the  other  two  hyponitric  acid.  It  is  well  known 
that  nitric  acid,  exposed  to  light,  becomes  gradually  contaminated  with 
hyponitric  acid,  and  Dr.  G.  E.  Moore  informs  me,  that  hydrochloric 
acid,  exposed  to  sun-light,  is  very  apt,  if  concentrated,  to  suffer  a  species 
of  decomposition  or  dissociation,  so  that  after  a  time  it  nearly  always 
contains  chlorine.  It  became  important,  in  certain  experiments,. to  de- 
termine the  percentage  of  these  impurities  in  nominally  pure  acids. 
The  amount  of  sodium  hyposulphite  solution  required  to  titrate  the 
iodine  set  free  by  the  hyponitric  acid  in  1  cc.  H^04,  diluted  to  the 
customary  degree,  was  0.15  cc.  =  0.00075  grm.  iodine.  When  1  cc  of 
the  same  sulphuric  acid  was  diluted  with  1000  cc.  water,  potassium 
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iodide  solution  and  starch  water  added,  it  colored  very  slowly,  and  od 
titration  at  the  end  of  two  hours  was  equivalent  to  0.28  c.c.  Na^.O,. 
Allowed  to  stand,  it  turned  blue  again,  and  at  the  end  of  22  hours  required 
0.3  C.C.  more  of  Na,S,0|  to  decolorize  it  These  results  led  to  the  fol- 
lowing experiments :  1  c.c.  HCl  was  diluted  with  1000  c.c.  water,  and 
potassium  iodide  and  starch  added.  The  results  obtained  on  titration 
with  sodium  hyposulphite  are  indicated  in  column  I.  The  results  with 
5  c.c.  of  the  same  acid  are  given  in  column  II.  With  1  c.c.  H^04,  in 
III.  With  1  C.C.  H1SO4,  boiled  with  potassium  iodide  and  starch,  and 
afterwards  cooled  before  titration,  in  IV.  With  1  c.c.  HNO,,  in  V. 
Other  samples  of  these  acids,  sent  by  the  same  manufacturer  as  un- 
doubtedly free  from  these  impurities,  were  similarly  titrated,  and  the 
results  are  given  in  column  VI  for  the  hydrochloric,  VII  for  the  sul- 
phuric, and  VIII  for  the  nitric  acid.  In  every  case  1  c.c.  acid  was  diluted 
with  1000  C.C.  water.  A  liter  of  distilled  water,  to  which  potassium 
iodide  and  starch  had  been  added,  standing  in  the  same  place  with  the 
others,  did  not  alter,  showing  that  there  was  nothing  in  the  atmosphere 
of  the  room  which  produced  this  slow  progressive  change.  The  total 
number  of  cubic  centimeters  of  sodium  hyposulphite,  which  would 
have  been  required  had  the  acids  themselves  decomposed  the  potassium 
iodide  in  these  highly  dilute  solutions,  is  given  in  the  bottom  line  of  the 
table. 
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The  causes  of  these  changes,  and  a  satisfactory  method  of  titration, 
will  be  given  in  a  future  communication  to  the  Society. 


XLI. — Upon  thb  Determination  of  Nitrates. 

BY  ALBERT  R.  LEEDS.  Ph.  D. 

The  ordinary  apparatus,  which  is  used  in  the  determination  of 
nitrates  when  present  in  minute  quantities,  gives  erroneous  results,  and 
when  employed  qualitatively  to  prove  or  disprove  the  presence  of  a 
very  small  amount  of  a  nitrate,  fails  altogether.    This  apparatus  oon- 
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sists  of  a  flask,  closed  with  an  India-rubber  cork,  through  which  a 
Welter's  safety-tube  is  passed,  and  an  exit-tube  passing  down  through 
a  cork  into  a  comparison-tube,  such  as  is  used  in  Nesslerizing,  and 
which  serves  as  a  condenser.  After  such  an  apparatus  is  very  care- 
fully cleansed,  even  with  re-distilled  water  not  containing  a  trace  of 
ammonia,  it  will  give,  even  afler  repeated  distillations  of  pure  water, 
a  distillate  capable  of  re-acting  feebly  upon  the  Nessler  re-agent.  This, 
is  much  more  the  case  when  the  flask  contains  a  copper-zinc  couple,  or 
the  finely-divided  gray  pig  iron,  such  as  I  have  recently  proposed  for 
estimation  of  nitrates  in  alkaline  solution.  An  example  will  show 
this  more  clearly :  4  grms.  of  fine  zinc  turnings  were  treated  with  a 
solution  of  cupric  sulphate,  and  the  resulting  copper-zinc  couple  thrown 
on  an  asbestos  filter  and  washed  twenty  times  with  distilled  water,  at 
last  in  the  ammonia-free,  re-distilled  water,  in  all  about  1250  c.c.  A 
second  portion  was  treated  in  like  manner.  Distilled  as  above,  in 
flasks  through  which  water,  in  portions  of  50  cc.  each,  had  been  thrice 
distilled,  until  no  further  re-action  for  ammonia  was  obtained,  they  gave: 
the  following  results : 

Copper-23flC.  Pig  Iran. 

1st  distillation,  50  c.c,  water,  0.04  mgrm.  H,N.    0.03  mgrm.  H,N. 
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The  larger  amounts  were  obtained  when  the  distillation  was  carried 
to  dryness.  The  distillations  were  interrupted  at  the  8th,  but  it  ia 
probable  that  like  results  would  have  been  procured,  had  the  operations 
been  prolonged  indefinitely. 

A  much  simpler  apparatus  should  be  used,  which  also  gives  entirely 
reliable  results.  It  is  merely  a  small  glass  stoppered  retort,  with  its 
neck  thrust  as  far  down  as  it  will  go  into  the  comparison-tube.  The 
latter  is  placed  in  cold  water,  and  no  joints  of  any  kind  are  employed 
in  the  apparatus.  A  copper-zinc  couple  was  prepared  as  above,  and  the 
results  are  given  in  column  A,  distillations  4th,  5th  and  6th.  In  column 
B,  the  results  with  6  grms.  pig  iron.  In  each  column,  1st,  2d  and  3d 
are  the  results  of  distilling  pure  water  through  the  apparatus,  after  it 
has  been  cleansed  by  repeated  washing. 
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In  other  words,  in  qualitative  tests  by  this  method  for  minute 
amounts  of  the  oxygen  compounds  of  nitrogen,  it  is  necessary  not  only 
to  do  without  rubber  corks,  and  to  distill  water  through  the  apparatus 
until  no  further  re-action  for  ammonia  is  obtained,  but  also  to  cleanse 
the  reducing  agent  in  the  still  by  repeated  distillations  before  introduc- 
ing the  body  to  be  tested.  In  the  process  of  transfer  to  the  still  of  4 
grms.  of  the  copper-zinc  couple,  after  it  had  been  completely  washed, 
it  and  the  still  had  acquired  by  contact  with  the  atmosphere  of  the 
laboratory,  sufficient  nitrogenous  particles  to  aflbrd  a  re-action,  in  three 
distillates,  equivalent  to  0.0175  mgrm.  H,N. 

These  results  afford  an  explanation  of  the  apparent  production  of 
minute  amounts  of  ammonia,  when  pig  iron  was  distilled  with  pure 
soda,*  and  of  the  slight  excess  obtained,  when  small  amounts  of  alkaline 
nitrates  were  reduced  by  a  very  large  excess  of  pig  iron.  Using  the 
new  form  of  apparatus  above  described,  and  the  various  precautions 
suggested  by  so  numerous  trials,  pig  iron,  after  completely  cleansing  in 
the  manner  narrated,  was  distilled  with  different  amounts  of  caustic 
soda.  In  no  instance,  where  all  the  precautions  were  observed,  was  a 
trace  of  ammonia  obtained,  and  we  can,  therefore,  affirm,  that  the 
samples  of  pig  iron  employed^  distilled  with  alkali  alone,  do  not  evolve 
ammonia. 

To  determine  whether  the  pig  iron  in  great  excess  completely 
reduced  small  quantities  of  alkaline  nitrates,  6  grms.  pig  iron,  per- 
fectly cleansed,  were  distilled  3  times  with  50  c.c.  water,  and  0.0061 
grm.  KNO,.  A  plus  result  was  not  obtained,  the  amount  of  ammonia 
in  the  distillates  agreeing  closely  with  the  theoretical.  Pig  iron  alone, 
therefore,  can  be  successfully  employed  to  effect  the  reduction  of  the 
minute  amounts  of  alkaline  nitrates,  obtained  in  the  course  of  analysis 
of  natural  waters. 

To  determine  to  what  extent  alkaline  nitrates  would  undergo  reduc- 
tion, when  present  in  comparatively  large  quantities,  6  grms.  pig  iron 


*  CoDtribatioDB  from  the  Laboratory  of  the  Steyens  iDBtitute  of  Technology. 
Proc.  Amer.  Chem.  Soc.  Vol.  II,  p.  6. 
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were  distilled  to  dryness  with  0.48- grm.  KNO,  and  75  c.c.  water  in  a 
flask  connected  with  a  Liebig's  condenser.  The  distillate  contained 
0.0084  grm.  H,N  =  0.0202  grm.  KNO„  or  4.2  per  cent.  In  this 
case,  the  pig  iron  amounted  to  13  times  the  weight  of  the  alkaline  ni- 
trate ;  in  the  former  to  1000  times.  In  this  case,  therefore,  to  effect 
complete  redaction  of  an  alkaline  nitrate ^  pig  iron  alone  is  not  sufficient ; 
some  free  alkali  must  be  added. 


XLU. — ^Action  of  Potassium  Pbrmanoanatb  upon  Oxalic  Acid. 

BY  ALBERT  R.  LEEDS,  Ph.  D. 

Ik  a  paper  entitled  "  Contributions  towards  a  knowledge  of  the 
Chemical  Constitution  of  the  Atmosphere,"  *  I  stated,  that  when  the  two 
solid  substances,  crystallized  oxalic  acid  and  potassium  permanganate,  in 
powder,  were  mixed  together,  they  liberated  ozone  on  addition  of  water. 
Vacation  intervening,  the  study  of  this  and  similar  re-actions  was  not 
resumed  until  five  months  later,  in  October  of  the  present  year,  when 
It  was  found  that  other  organic  acids  yielded  the  same  apparent  results, 
more  especially  tartaric  and  acetic  acids.  The  deportment  of  the  in- 
organic acids  varied :  Nitric  acid  added  to  potassium  permanganate 
liberated  a  gas  plenteously,  which  affected  the  potassium  iodide  papers, 
but  the  gas  evidently  contained  nitrous  acid,  and,  when  passed  through 
water,  had  no  effect  upon  the  test  papers.  Hydrochloric  acid  gave 
negative  results,  but  chromic  acid  produced  with  the  permanganate  an 
apparently  copious  solution  of  ozone. 

An  attempt  was  then  made  to  determine  the  amount  of  ozone  ap- 
parently given  off.  20  grms.  of  pulverized  oxalic  acid  were  introduced 
into  a  half-liter  flask,  which  was  provided  with  a  glass  funnel  and  stop- 
cock for  the  introduction  of  a  saturated  solution  of  potassium  per- 
manganate, and  an  exit-tube  connecting  with  a  wash-bottle  containing 
water.  The  corks  used  in  this  and  the  other  experiments  were  boUed 
in  paraffine,  and  the  joints  luted  with  the  same.  The  escaping  gas,  afler 
passing  through  the  wash-bottle,  was  made  to  traverse  a  Geissler  ab- 
sorption apparatus,  containing  a  decinormal  solution  of  potassium 
iodide.  The  action  was  allowed  to  go  on  for  a  week  at  common  tem- 
peratures, the  permanganate  being  added  in  successive  portions,  until 

the  oxalic  acid  was  completely  decomposed.  9  liters  of  air  were  drawn 
through  the  apparatus,  after  which  the  flask  was  gently  warmed,  and  9 

liters  more  of  air  drawn  through  it.  No  change  whatever  had  taken 
place  in  the  potassium  iodide.  The  entire  experiment  was  carefully  re- 
peated with  identical  results. 
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This  unexpected  conclusion  threw  suspicion  on  the  methods  of  ozone- 
generation,  in  which  potassium  permanganate  is  decomposed  by  an 
acid,  and  more  particularly  that  in  which  sulphuric  acid  is  employed 
For  this  reason,  the  same  apparatus  was  used  as  in  the  above  experi- 
ment, but  25  grms.  pulverized  permanganate  were  introduced  into  the 
flask,  and  sulphuric  acid  run  in  through  the  funnel,  a  drop  at  a  time. 
Much  caution  was  used  in  conducting  the  operation,  but  even  then  one 
'flask  was  blown  to  pieces,  after  the  re-action  had  been  going  on  for  sev- 
eral hours.  In  each  of  three  trials,  the  potassium  iodide  remained  un- 
changed, but  chlorine  was  found  in  the  wash-water.  This  led  to  an  ex- 
amination of  the  re-agents  employed,  with  the  result  of  finding  that  the 
potassium  permanganate  contained  0.164  per  cent,  of  potassium  nitrate, 
and  7.47  per  cent,  of  other  impurities,  principally  potassium  chlorate, 
but  along  with  it  some  manganic  oxide,  insoluble  silicious  residue,  and 
a  minute  amount  of  potassium  chloride.  A  trace  of  chlorine  was  like- 
wise found  in  the  oxalic  acid.  Analyses  of  other  nominally  chemically 
pure  preparations  were  made  with  similar  results,  the  least  impure  con- 
taining 97.06  percent,  potassium  permanganate,  with  0.148  per  cent, 
chlorate,  a  trace  of  chloride,  some  manganic  oxide,  and  sand.  The  per- 
centage of  manganese,  in  the  potassium  permanganate  first  spoken  of, 
determined  gravimetrically,  by  precipitation  as  sulphide,  solution  in 
hydrochloric  acid,  reprecipitation  as  carbonate,  and  estimation  as  proto- 
sesquioxide,  was  31.50  per  cent.,  instead  of  84.66,  the  theoretical  amount. 
The  manganese  percentage  determined  volumetrieally,  by  means  of 
ammonio- ferrous  sulphate,  was  32.78,  showing  the  influence  of  the  ad- 
mixture of  chlorate  upon  the  oxidation  of  the  iron. 

At  this  stage  of  the  inquiry,  I  found  that  the  same  sources  of  error 
had  previously  been  exposed  by  C.  Rammelsberg  (Berichte  der  Deutsch. 
Chem.  Gesell.  VI,  p.  604),  who  showed  that  the  potassium  permangan- 
ate, which  he  experimented  upon,  contained  only  27.3  per  cent,  of  man- 
ganese, the  difference  being  due  to  21.6  per  cent,  of  potassium  per- 
chlorate.  He  also  found,  that,  when  the  permanganate,  free  from 
chlorine,  was  used,  no  smell  was  developed  by  the  action  of  sulphuric 
acid,  and  the  re-action  upon  iodo-starch  was  so  weak  that  it  evidently 
arose  from  a  trace  of  chlorine. 

It  gives  me  much  pleasure  to  acknowledge  the  co-operation  of  my 
assistant,  Dr.  Edgar  Everhart,  in  the  performance  of  these  experi- 
ments. 
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